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1. Introduction

ATCP Physical Engineering equipment and products were projected and manufactured to provide
a long -lasting and top -rated performance. This Installation and Operation Manual contains all
necessary information regarding the use and maintenance of Software Sonelastic N,

Read this manual carefully  before using the software . Improper use may
damage it and affect its performance

2. Definitions

Impulse Excitation Technique: The Impulse Excitation Technique is a non -destructive
technique to determine the elastic moduli and damping of materials by the resonance
frequencies of the test specimens. ASTM E1876 is the main standard s related to the Impulse
Excitation Technique.

Reson ance frequencies: Specimen natural frequencies of vibration.
Elastic modulus: Elastic modulus or Youngos isefihadlasithe slope of the stress -
strain curve at the elastic region, as described by Ho

by Impulse Excitation Technique is termed as dynamic elastic modulus.

Damping: Damping is the phenomenon by which mechanical energy is dissipated in dynamic
systems. It is directly linked to the presence of defects and to the material microstructure.

3. Appl ications and features

Sonelastic ® Software is dedicated to non-destructive characterization s of materials 0 elastic
moduli and damping by Impulse Excitation T echnique, according to the ASTM E1876 and
correlated standards. Sonelastic ® Software was developed to be used alongside Sonelastic ®
Systems.

Sonelastic ® Software is a transient vibrations  6analyzer from which it extracts the frequencies

for elastic moduli calculation and the respective decayrate for damping calculation. The software

identifies the resonance frequencies and respective damping ratios by processingthe s peci mens o
acoustic response to  a mechanical impulse excitation

To be used, the software should be installed on a computer (desktopor  laptop ) withthe Windows
11 operati ng system.
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4. Specifications

Frequency range ..o e .. 20Hz - 96 kHz

Elastic modul i measurement range  ...cccccccvviiiiiniiie e e 0.1 - 1000 GPa

5. System requirements

Compatible operating system .......ccccccevviiiieeeennnnns . Windows 11

Sound card samplingrate .......ccceeiiiiiiiiiiiiees e 48 kHz (minimum) - 192 kHz (maximum)
Free HD SPacCe .......ccoccvviiiiiiiiiies e 4 Gigabytes

Available USB ports — ....ccccvviiiiiiiiiiiees e 01 port

Available audio inputs ... e 01 TRS P2 /3.5 mm

Supported screen resolutions — 2........ccccoeeveeeeieeneenne. 1280x720, 1280x1024, 1366x768

1600x900 e 1920x1080 (Full HD)

! Sonelastic ® Software digitizes the acoustic response using the Signal acquisition PCle card
XONAR or the signal acquisition USB module ADAC. The maximum measurable frequency is
equal to half of the sampling rate.

2 Sonelastic ® Software features  window automatic fitting for the listed screen resolutions. For

resolution s not listed , the software will ~ fit the largest possible resolution fromthe supported list.
Before installing the software, verify the followings items :
- The computer must be connected to a ground ed three -pin AC plug in good conditions ;

- The Sonelastic ® Software should be used in lab and office environments with moderate ambient
noi s e60@BN). Intense noises may  affect the acoustic response analysis  ;

- For the measurements as a function of time or temperature, it is advisable to use a laptop or
a PC connectedto a no-breakto avoid data losses inthe case of power outage
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6. Software and ac cessories installation

6.1 Installing the software for the first time

The following sub-items describe in detail s Sonelastic ® Software installation and updating
processes for compatible operating system s (see item 5. System requirements ), including the
installation process of Sonelastic ® accessories. Note: Sonelastic ® Systems are usually supplied
with a DELL desktop computer with Sonelastic ® Software already installed.

6.1. 1 Step -by -step Install ation (Windows 10 &11 ):

Step 01 T Runthe installation flash drive or request the link to download the ins taller by e mail
to info@sonelastic.com

Step02 1 Findthe A So n el @G Ingtatter ofolder , right -c | i ¢ k 0o nexdiosardt suepl eRuh asii
admi ni strator o.

It is advisable to close all programs before beginning the installation process.

bin
license
supportfiles
|| nidist.id
"]
o setu
= 4 Open
& | setup =
“‘; Run as administrator
SkyDrive Pro »
Troubleshoot compatibility
Send to »
Cut
Copy
Paste
Create shortcut
Delete
Rename
Properties

Figurel - Run theinstalleras administrator.

Step03 iV Sel ect fiYeso on t hContrdl0s ewi ndoeount

- -~
) User Account Control @

l@ Do you want to allow the following program from an
unknown publisher to make changes to this computer?

Program name:  Setup.exe
Verified publisher: Unknown
File arigin: Hard drive on this computer

~) Show details [ ves ][ o

Figure 2 Accept to install the software.
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Step 04 i Wait for the

Step 0 5 7 Select the destination directory

window below and click "Next."

1 ATCP-Sonelastic - O X

It strongly recommended that you st al programs befars runring this )
installer Appiications tha un in the background. such as virus-scanring I
utiltiess, might cause the installer to take longer than average to complete. ]

<< Back Next»> Cancel

Figure X Clicki b SEG ¢ G2 | R@I yOS

It is advisable to maintain the pre -selected directories . Cl i ¢ k

folders where you wish to save the

on

U ATCP-Sonelastic - O X

Destination Directory
Select the installation directories.

Al zoftware will be installed in the following lacations. Ta install software into &
different location, click the Browse button and select another directory.

Directory for ATCP-Sanelastic
|c \Program Files (86} Sonelastic’, | B,

Directory for National Instruments products
|c Program Files (¢86)\National Instruments\. | s

Cancel

Figure 4t A 01 dabSEGE

U2

installation files .

fiNext o.

I ROE YOS o

Step 06 T Read the National Instruments Software License Agreement regarding the
used by Sonelastic ® Sof t ware. Accept the Li
cense Agreement (s)o, then click

Li

C

U ATCP-Sonelastic

License Agreement
*You must accept the lisenses displayed below to procsed

HI vl

(CAREFULLY READ THIS 8OFTWARE LICENSE AGREEMENT ("AGREEMENT"). BY
DOWNLOADING THE SOFTWARE AND/OR CLICKING THE APPLICABLE BUTTON TO
(COMPLETE THE INSTALLATION PROCESS, YOU AGREE TO BE BOUND BY THE TERMS OF
THIS AGREEMENT. IF YOU DO NOT WISH TO BECOME A PARTY TO THIS AGREEMENT AND
[BE BOUND BY ITS TERMS AND CONDITIONS, DO NOT INSTALL OR USE THE SOFTWARE,
\AND RETURN THE SOFTWARE (WITH ALL ACCOMPANYING WRITTEM MATERIALS AND
[THEIR CONTAINERS) WITHIN THIRTY (30) DAYS OF RECEIPT. ALL RETURNS TO NI WILL BE
SUBJECT TO NI'S THEN-CURRENT RETURN POLICY. IF YOU ARE ACCEPTING THESE
TERMS ON BEHALF OF AN ENTITY, YOU AGREE THAT YOU HAVE AUTHORITY TO BIND THE
FNTITY TO THFSF TFRMS

The: software to which this N ational Instuments license applies is ATCP-Sonelastic.

accept the above 2 License Agreementls)

(O 1 do not accept all these License Agresments

NATIONAL INSTRUMENTS SOFTWARE LICENSE AGREEMENT *

<< Back Nest > Cancel

ense agr

on

Figure 5 Acceptt Y R Of At@ihstalitbeSaftvae.

plug -ins
eement
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Step07 T Cl i ck

Step081i After i nst all ati on,

Step 09 1 Attribute administrator privileges to
the Sonelastic ® icon presented on the Desktop

on

Figure8 ¢ Right click on the Sonelaséiz O 2 y

the ANexto button

to begin the instal

LT ATCP-Sonelastic - O

X

Start Installation
Rewiew the following summary before continuing

Uparading
+ NI & Configuration Support
+HIVIZA T80
Funtime Support
+ NI Measurement 4 Automation Explorer 19.0

Adding or Changing

NI Device Monitor 17.0

* NI Spstern Configuration NET Rurtime for NET Framework 4.6
* ATCP-Sonelastic Files

*NI-DAQmx 185

o NIVISA19.0

*NI-488.217.0

Click the Next button to begin installation. Click the Back button to change the installation settings.

SaveFie.. | <<Back Nest>>
A

Cancel

4
Figure 6/ £ A O

bdyib iBsfadation 2

L7 ATCP-Sonelastic - O

Owerall Progress: 0% Complete

<< Back

Wi | o]

click on

, t hen

Selaclkite 30
Open
SkyDrive Pro »
Troubleshoot compatibility
Open file location
' Run as administrator
Pin to Taskbar
Pin to Start Menu
Restore previous versions

Send to »

Cut
Copy

Create shortcut
Delete

Rename

Properties

by R

AFi
Sonelastic ® Software . To do this, right
sel

Figure 7¢ After installation progress, click "Next" timalize

ni sho and restart

-click on

ect APropertieso.

<—

iKSy OfA0] 2y

Page 10 of 84

at

At NB LIS NI A


https://www.sonelastic.com/en/

Sonelastic ® Systems
Sonelastic ® Software 6.0 SON ELASTIC

Advanced Impulse Excitation Technigue

Step 10 7 Selectthe A Compat i bab landt activ ate the option A Ru n  tprograsm as an
admini strator 0. F aperatingsystent assmihs mard than one user cl i cShowo n

N

settings forallusers 0 and sel ect t hthismgyem oas afl Rdmi ni strator 0.

AOKO t o thecahanges.

@ Soneteste 2.4 Properties X
Security Details Previous Versions
General Shartcut Compatibilty

If this program isn working comectly on this version of Windows.
try running the compatibility troubleshooter

Run compatibility troubleshooter I

How do | choose compatibility settings manually?

Compatibilty mode
[[] Run this program in compatibility mode for:

Windows &

Settings
[ Reduced color mode

Bbit (256) color
[ Run in 640 x 480 screen resolution
[[] Dieable fullscreen optimizations
Run this program as an administrator  <—
Change high DP| settings

Change settings for all users

QK Cancel Apply

Figure X Verifyto have the Software run as administrator.

Step 11 1 Authorize file saving and modification. Select the "Security" tab and enable
permissions for all users (use the Edit button). Click the "OK" button to confirm the changes.
General Shortewt Compatibility Security

Security Details Previous Versions

_ ) Object name:  C:\Users\PublictDesktoptSoneteste 2.4 Ink
Object name: ~ C:\Users'\Public'Desktop*Soneteste 2.4 Ink

I:3I'0I.I|:J ar user names:

SR SISTEMA

GI’OLID or user names:

SISTEMA

a Henrique Alves (henrialvesD@&gmail.com)

Henrique Alves fhenralves0@gmail com)
52 Administradares {Henrique\Administradores)
SR INTERATIVO

S2 Administrad (HenrigueAdministradores)
SR INTERATIVO

To change permissions, click Edit.

Permissions for SISTEMA Allow Add Remaove
Full control —
Modify Pemissions for Henrique Alves Allow Deny
Ee‘a: Sexecite Full contral 0 =~
vty 0
Special pemissions Read & execute D
Read O
For special permissions or advanced settings, Advanced Wirite D "
click Advanced.

Cancel Aoply

Figure 10 Allow the software to perform file changes for all users and groups.
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Step 12 i Activate the software  license . Before running the software, it is necessary to activ ate
its license . For this, open Sonelastic ® Software and complete the following fields: fiName 0,

N

fiEnterprise 0, and fiContact 0 (e-mail address) . Af ter that, click on
identification file. This file must be sent by email to ATCP Physical Engineering
(info@sonelastic.com ) in order to create the license file. License will only be valid for the
computer related to this file.

ATCP

Physical Engineering

Sonelastic®

Invalid license, select a option to activate ATCP Sonelastic:
Generate identification file

Use this option to generate a identification file. Please, fill the fields below
and click in the Save File button.

ETIER Henrigue Alves
Enterpi TCP Engenharia Fisica
Contact: [JEICEIesXos]yNslg

RGTER BN (65) Select Path to XML File
your lic il - .
() [ Area de Trabatho » ~ [ s || Pesquis
Organizar Nova pasta -
Je Favoritos Nome Tamanho  Tipod
B Ares de Trabalho Gl Bibliotecas
& Downloads R Usuério
47 Dropbox 1% Computader
] Locais = G Rede
k. Google Drive Sonelastic-Drivers. Pasta
asta
4 Bibliotecas
5 Documentos
=l Imagens.
&) Misicas
B videos
M Computader T ¢ i D
Nome: Identification fild ~ | Custom Pattern (*aml) -

Figure 11 Generaingthe identificationfile.

Step 1 3 - After receiving the license file, run the software and load the license file by clicking on
ifActivate Sonel astico. Tsrcenplte s.tChiel Sartelastion® Software and rsin
it again , t he program will be ready for use.

@ ALid Sonelastic®

Physical Engineering

Invalid license, select a option to activate ATCP Sonelastic:

ion

MNome: ATCP Sonelast_License v [mFaecn)

%y Cancelar

Figure 12Z; Activaingthe softwareafter receiving the license file

ifSave
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6.1.2 MSXML dll Installation

The software needs the MSXML dll to work. After software installation, locate and open the
AfSonel-B®st ver so f olDdsktop. tatatetthe ensxml.msi executable and install it.
2| ftdiport.inf 30/03,2010 15:06 Setup In
ﬁ%’msxm MEl o— 4_ o
Repair
Uninstall

Troubleshoot compatibility

Figure 13; Install the MSXML dll.

48 MSXML 4.0 SP2 Parser and SDK Setup - *

Installing MSXML 4.0 SP2 Parser and SDK

Flease wait while the Setup Wizard installs MSXML 4.0 SP2 Parser and SDK. This
may take several minutes.

Status:

Cancel

Figure 14, MSXML dll installation progress.

After the installation is complete , click fiFinish 0.
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6.2 Updating the software (for users who already have the license)

To update the Sonelastic ® Software , please follow the steps:

Step0 17 OpeniContr ol Panel 06 and click on the | iaoptlon ARemov e
AProgramso.

Step0 27 Find A AT €Po n e | a entthe cspstem p rograms and features list.

Step 0 3 7 Right -click onthe AATCP-Sonelastic 0i con and sel ecFollovdhei nstall o.
instructions to uninstall the software.

Step 0 4 7 Install the new version of  Sonelastic ® Software as described in item 6.1 Installing
the software for the first time
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6.3 Connecting the acoustic sensor and configuring audio options

Step 01 1 Connectthe CA -PD or CA-DP-S Acoustic Sensor tothe signal acquisition card or USB
acquisition module

&

Figurel5 ¢ Acoustic sensofRS P2/ 3,5 mplug

Conect the acoustic o
sensor here ==v

Figurel6 - Audio input froma XONAR acquisition board installed on the rear panel of a DELL computegdiadnputfrom the
ADAC acquisition module. The audio input is alveey& connector.

Step 02 i Configure the audio options. To avoid any distortions to the acoustic response signal,
it is necessary for both operating system and sound manager software to do not optimize nor
enhance the signal .Inthe Windows Notification Area , right -click on the Speakers/ headsets icon.

v

~ M T PR et =

1015

Figure ¥ ¢ Speakers/headsets icon.
Note: If thisicon  is notshown inthe Windows natification area, itis possib leto verify the sound

configuration options by the Control Panel. Forthat, cl i ck on HfAHar dwar, e aaardd t iecwn
on @A Sound odied by tleespebkerf icon.

Step 037 Sel e Boundgio o n nterue

Spatial sound (Off)

Sounds

Troubleshoot sound problems

Figure B¢a { 2dzy Raé¢ Y Sy dzo

Step 047 I n the fASmwennddel ect the @ Recoleftddichk oo A Mabr oplhemeo
showing the stmbol. After that, <c¢l i ckshoam béldr operti esodo, suc
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B Sound 4

Playback Recording Spunds Communications

Select a recording device below to modify its settings:

Microfone
Realtek Audio
Default Device

Entrada
Realtek Audio
Mot plugged in

Mixagem estéreo
Realtek Audio
Disabled

o & &

Configure Set Default |v

Figurel9- Accessinghe microphone settings.

Step 05 - Two types of sound configuration may appear, follow the instructions below to perform

all necessary changes for both cases. In the new window, select the i Ad v an dab doo the
fEnhancements 0 tab as described below. Unmar k t he @A Enenbalneememtusdi opti on or
mar k the fiDsoandéffeces aldpti on. Apply the changes by pressi

Step06 i I n t DeaultiFor mat 6 or equivalent field, select the m
sampling rate (192000 Hz for XONAR and 48000 Hz for ADAC module).

Recording | Sounds | Communications

Sefz

General | Listen | Levels | Advanced

Default Format

Advanced |

Select the sound effects to apply for your current listening
configuration. Changes may not take effect until the next time you start

Select the sample rate and bit depth to be used when running

in shared mode. playback.
[2 channel, 16 bit, 48000 Hz (DVD Quality) v] Disable all sound effects Immediate mode
I Exclusive Mode
m Allow applications to take exclusive control of this device
[¥] Give exclusive mode applications priority
TOperues
l Signal Enhancements Provider : Realtek

Description :  Enable this effect if a mono microphone is

=] Allows extra signal processing by the audio device
connected.

m D Enable audio enhancements
l Restore Defaults

Figure D - Recordingsettings.

Page 16 of 84


https://www.sonelastic.com/en/

Sonelastic ® Systems
Sonelastic ® Software 6.0 SON ELAST'C

Advanced Impulse Excitation Technigue

6.4 Installing the IED Automatic Impulse Device

Information regarding the installation and operation of the IED Automatic Impulse Device may
be found on the Installation and Operation Manual supplied with the device.

6.5 Installing the specimen  support

Information regarding the installation and operation of supports manufactured by ATCP Physical
Engineering to be used with Sonelastic ® Software can be found onthe Installation and Operation
Manual of each supporta (SB -AP, SA-BC, SX-PD and SA-AG).

Attention! The best support choice depend s onthe specimen dimensions
For further information ,visitour  web site www.sonelastic.com or contact

us (info@sonelastic.com ).
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7. Specimen s

7.1 Recommended aspect ratios and typical dimensions

Minimum aspect ratios must be observed to avoid coupling
In addition, aspect ratio determines the pattern of frequency spectrum of the acoustic response.

bet ween spec

Table 1- Recommended aspect ratios and typical dimensions.

Rings

Geometry Recommended aspect ratios Typical dimensions
n (LxD)
2 C - 50 x5 mm
(@) - 50 x10 mm
) ) - 100 x 50 mm
The ratio between length (L) and diameter (D) - 200 x 100 mm
must be greater than or equal to 2. - 300 x 150 mm
- 500 x 50 mm
. (LxAXxA)
2 o -30x5x5mm
0 - 100 x 15 x 15 mm
i - 150 x 25 x 25 mm
The ratio between length (L) and edge (A) - 150 x 35 X 35 mm
must be greater than or equal to 3. - 150 x 40 x 40 mm
- 500 x 50 x 50 mm
5
- T
W (LxWXT)
. . - 30x6x2mm
The ratio between length (L) and width (W) - 40 x 10 X 4 mm
must be greater than or equal to 4. - 60x12x4 mm
- 100 x 15x 2 mm
o - 150 x 30 x 10 mm
Rectangular section — - 150x 37,5x5mm
bar Y - 300 X 60 x 20 mm
The ratio between width (W) and thickness (T) - 500 x 100 x 35 mm
must be less than or equal to 8.
Do |
(0]
- T
Cl v P
The ratio between diameter ( 'O ) and thickness
Discs (T) must be great er than or equal to 10.
0 (Do xT)
- PpT -10x1mm
Do _ Y , _ - 20x2mm
- 5 o =] The ratio between diameter ( O ) and thickness - 30x2mm
(T) must be greater than or equal to 10. - 254x2,5mm
- 50,8 x 2,54 mm

0O
Fe) C
outer diameter ('O ) and
'O) must be greater than or

equal to 2.

The ratio between
inner diameter (
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Table 1 presents the recommended aspect ratio and typical dimensions for bars , cylinders discs
and rings .
Important observations for preparing and finishing the specimen s:

- The recommended dimension  al tolerance and flatness are 0.1 %;
- Faces should be flat and parallel,
- Corners must not be  chamfered .

7.2 Specimen positioning and dimensions

ATCP Physical Engineering , Sonelastic N Division, offers many specimens support s. Next, find out
our supportds basi anadimurh and mairhumaimensiang for each model.

SB-AP - Support for small specimens and cantilever beams

Maximum dimensions for cylindrical specimen s (LXD) .oiiiiiinns 120 x 60 mm
Minimum dimensions for cylindrical specimen s (LXD) .evevveeeeeeen. 20 x 2 mm
Maximum dimensions for rectangular specimen s (LXWX T) ... cooeeeenn. 120 x 40 x 40 mm
Minimum dimensions for rectangular specimen s (LXWXT) .o 20x2x2mm
Maximum dimensions for cantileverbeams (LXWXT) .iviiiiiiienne 200 x 25 x 5 mm
Minimum dimensions for cantileverbeams (LXWXT) .oiviiiiccinnnnnnns 120x10x0 .5mm
Maximum dimensions for discsand rings (DX T) v, 80 x 8 mm

Minimum dimensions for discsand rings (DX T)  .oovieiiiieeeieee e, . 15x 1 mm

In the SB -AP Support, the specimen is supported on a foam block and positioned according to
the vibration mode  of interest . For more information, see the SB-AP operation manual

Table 2¢ SBAP support with compatible geometries.

Rectangular specimen . Cylindrical specimen .

Ring -shaped specimen . Ruler -shaped specimen (cantilever beam ).
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SA-BC - Adjustable support for bars and cylinders

Maximum dimensions for cylindrical specimen s (LXD) .coovveeerinnnen, 450 x 200 mm
Minimum dimensions for cylindrical specimen s (LXD) .coevviiiennnn. 100 x 5 mm
Maximum dimensions for rectangular specimen s (LXWXT) .oeeee. 450 x 170 x 170 mm
Minimum dimensions for rectangular specimen s (LXWXT) .cooeeeen. 100 x 5 x5 mm

The specimen is placed over the suppor t-cables at a distance of 0.224 L from the ends, where L
is the specimen length. The supporting distance calculation is automatically performed and
informed by  Sonelastic ® Software.

(a2

Figure21 ¢ SABC support with cylindrical and prismasigecimers.

For further information  , verify the SA -BC installation and operation manual

SX-PD - Adjustable support for disc s and rings

Maximum dimensions for circular specimen S(DXT) .ovviveeinieeennnn 380 x 60 mm
Minimum dimensions for circular specimen S(DXT) .vevvveieeeeeeenn, 80 x5 mm
Maximum dimensions for rectangular specimen s (LXWXT) ............. 380 x 380 x 60 mm
Minimum dimensions for rectangular specimen s (LXWXT) ... 60 x 60 X 5 mm

The specimen is placed onthe support so its centeris aligned with the support center, as shown
below.

Figure22 ¢ SXPD support witta ring-shapedspecimen

For further information, verify the SX -PD installation and operation ma nual .
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SA-AG - Adjustable support for large specimen s

Maximum dimensions for rectangular specimen s (LXWXx T)... ....... 5,300 x 200 x 200mm
Minimum dimensions for rectangular specimen s(LXWXT) .......... 120 x 20 x 20 mm

Maximum dimensions for cylindrical specimen s (LXD) ...ccccceeennee 5,300 x 200 mm

Minimum dimensions for cylindrical specimen s (LXD) ..ccooeveeennnns 120 x 30 mm

The specimen is symmetrically supported and placed at a distance of 0.224L from the ends,

where L is the specimen length. The supporting distance  calculation is automatically performed
and informed by  Sonelastic ® Software.

Figure23 ¢ SAAG support prismatispecimen

For further information, verify the S A-AG installation and operation manual
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7. 3 Excitation and acquisition modes

SB-AP Support

Table3 - Excitation and acquisition modes for-8B support.

Impulse: | = Acoustic sensor: q

Flexural m ode

Excitation at the center
and acquisition at the
end, both width -
centered.
Al 1l ows t he
modulus (E)
characterization.

Y|

V

Flexural + torsional
m ode

Excitation and acquisition
from opposed edges at
0.32 L (L = length).

characterization.
Applicable only to
rectangular bars.

Al |l ows E, G

Plana r mode (anti -
flexural)

Excitation and acquisition
diametrically opposed
one another.

Al l ows the
modulus (E)
characterization.
Applicable only to  discs
and rings.

Y|
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SA-BC Support

Table4 - Excitation and acquisition modes for-8& support.

Acoustic sensor: —[‘ ]

Impulse: ~

Flexural mode - | v v
5

Excitation from above g
and signal acquisition
from below, both aligned
with the center of the

specimen .
Cables at 0.224L.

Flexural mode - Il

Excitation from below A
and signal acquisition
from above, both aligned
with the center of the
specimen . @

[=| |

Cables at 0.224L.

Longitudinal ~ m ode T | | =]

Top-centered e xcitation
and signal acquisition
from opposite sides of

the specimen . oo <]
Cables at 0.224L.

Flexural + torsional v v
modes - |

\
Excitation from above E' a
and signal acquisition v
from below, positioned at 5
0.32L from opposed
edges. |

Cables at 0.224L. 4

—o

Flexural + torsional ﬁ ﬁ
modes - 11 | [

Excitation from below A A
and signal acquisition

from above, positioned

at 0.32L from opposed ‘ T

edges.
Cables at 0.224L.
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Impulse: | = Acoustic sensor: D J

Flexural mode - |
Excitation from above
and signal acquisition

from below, both aligned
with the center of the

specimen .
Cables positioned at

0.224 L.

I

——eeem ey

RN

s

Flexural mode - Il
Excitation from below
and signal acquisition

from above both aligned
with the center of the

specimen .
Cables positioned at

0.224 L .

1

2

Longitudinal Mode
Top-centered e Xxcitation
and signal acquisition
from opposite  sides of
the specimen .
Cables positioned at

0.224 L.

(]

Flexural + torsional
modes - |

Excitation from above

and signal acquisition

from below from
opposite sides and ends.
Cables positioned at

0.224 L.

(o]

_ﬁj )

Flexural + torsional
modes - ||

Excitation from below
and acquisition from
above from opposite
sides and ends.
Cables positioned at
0.224 L.

1o

@
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SX-PD Support

Table5 - Excitation and acquisition modes for-BR support.

Impulse: :_\ Acoustic sensor: D |

Planar mode forrings

Diametrically opposed
excitation and
acquisition, on the
inferior face.
All ows Youngbd
(E) characterization.
Applicable only to discs
and rings.

Planar mode for discs
Diametrically opposed I

acquisition, onthe /
inferior face. (
Al l ows Youngd {
(E) characterization. \
Applicable only to discs p

excitation and N ¥ \/

and rings. /N~
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SA-AG Support

Table6 - Excitation and acquisition modes for-8& support.

Impulse: “ Acoustic sensor: ﬂf B
Flexural m ode for bars E’ v =
L
Excitation at the center [ —
and acquisition at the = =
end of the specimen ,
both from above and
width -centered . m m
Supports positioned  at | i O I \

E;

0.224 L. m
Longitudinal m ode for

bars Inm=p = = ] & %
Top-centered e Xxcitation

and signal acquisition \
from opposite sides of ay il
the specimen . o | H th =

Supports positioned at D
0.224 L.
Flexural + torsional
m odes ﬁ v ﬁ
' = = s

Excitation and signal
acquisition from above,
positioned at 0.32L from
opposed edges.
Supports positioned at
0.224 L.

o
—D
=

Flexural m ode for

i B
€
cylinders ﬁ v ]
]
Excitation at the center | | O v
and acquisition at the = o =
end of the specimen ,
both from above and
width -centered. m
Supports positioned at | | ©) i |

m
i tid
0.224 L.
Longitudinal m ode for
cylinders
To| | <
Top-centered e Xxcitation - - 0
and signal acquisition
from opposite sides of m m
the specimen . T | i i | <
Supports positioned at
0.224 L.
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8. Operating the software

Before start operating  the software, verify the followings:

- The Sonelastic ® Software 6.0 version is installed ;

- The specimen and Sonelastic ® System items are positioned as describedin item 7. Specimen s;
- The IED Automatic Impulse Device is ON and correctly installed (if applicable)

After verify ing the items above, the system is ready.

Sonelastic ® Software was developed to provide an easy, quick and interactive way to
characteriz e materials elastic moduli . Next , it is presented all the informa tion regarding the
Sonelastic ® Software configuration and  operation .

Note: A quick guide for measurements using Sonelastic ® Software is on Appendix A.
Sonelastic ® Software is structured in modules (tabs) which perform the sequential processing of
the acoustic response, as shown in Figure 24 and following fragments.

Save file
Waiting for commands.
Moo Oorr S g
=

SPECIMEN DATA ACQUISITION CONFIGURATION ‘

S
Module for signal acquisition Module for the dampingratio determination on
time-frequency domain.

Module for the Elastic Moduli determination Module for storing the results

Module for the Dampingatio determination on Module for the visualization of the spectrogram
time domain.

Figure24 - Sonelastic®d&ware tabs.
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8.1. ACQUISITION tab
8.1.1 Entering the specimen dimension s

Acquisition tab (Sonelastic ® Software main screen):

Waiting for commands.

0100 | Microphone (Xonar SoundCar®) | Stendard [S00Mz-20kHZ) |

1079 %oz | 5|
o553 [#fose | 3|

SPECIMEN DATA ACQUISITION CONFIGURATION

Figue 25 - Sonelasti®& Sftware main screenhighlighting theACQUISITIOfsb.

Step01 -1 n t he Specimdnddatd o : SAMPLE DATA choose the specimen 0 s

geometry : rectangular bar, cylinder, ring/ disc or cantilever beam, as shown on Fig. 26 below.

SPECIMEN DATA SPECIMEN DATA

SPECIMEN DATA SPECIMEN DATA

Figure26 - Optionsfor geometry andspecimendata

Meaning of the parameters shown in Fig. 26:

N a meSpecimen name/reference ;

Ma s s Spegindgen mass(g) ;

L ( mniengyth of the bar, cylinder or cantilever beam (mm) ;

jun ) S : Sen 1}

Page 28 of 84


https://www.sonelastic.com/en/

Sonelastic ® Systems
Sonelastic ® Software 6.0 SON ELAST'C

Advanced Impulse Excitation Technigue

W ( mmWibdth of the bar or  cantilever beam (mm) ;

T ( mnThickness of the bar, ring or  cantilever beam (mm) ;

D ( mmDiameter of the cylinder (mm) ;

Do ( mmuter diameter of the ring/ disc (mm) ;

Di ( m hmiped diameter of the ring/ disc (mm). Note: Fora disc, this value is equal to zero
FL ( m@gntlever beam freelength (mm) ;

| do: Sel e cregisteredspecimpense

jun ? e S ) S ) S ) S | B 1§

Step 02 i Insertthe specimen name /designation
Step 03 i Insertthe specimen dimension s by following the instructions below
Use the most precise  apparatus available to determine the dimension s andahigh -precision scale

to obtain the mass  value . The length, width, thickness and diameter should be measured at
three different points for average calculation

To calculate automatically the average and the deviation of the measurements, click on the
auxiliary button next to the uncertainty value for each dimension : ¥
Insertthe instrumentused precision and the measured values in the respective fields ofthe new
window. It is advisable to perform three measurements for each dimension at different and
equidistant point s of the specimen . As the values are inserted, the software will automatically
calculate fAv er age ( mmYynzertaimyd (fimm) 6. To updatentthBpecniel dast ao
field, cl i ck on AExporto.
Instrument precision 0.050 s Instrument precision 0.050 =
Measurement n® 1 (mm) 199.00 Min. measurement (mm) 199.00
[a] Measurement n° 2 (mm) 199.50 [b] Max. measurement (mm) 200.50

Measurement n® 3 (mm) 200.50

Average (mm) 199.67 Average (mm) 199.75
Uncertainty (mm) 0.63 Uncertainty (mm) 0.75
Cancel Export Cancel Export

Figure27 ¢ [a]: Averageand uncertaintycalculator [b]: Average andncertaintycalculator for the length and diameter of cylinders
gKSY (KS 2LIA2Y d/ @t AYRSNYRAYSY aA2YROBGARON 6 BRD b .

If the average value and deviation have been previously calculated, it is possible to type the

values directly in the respective fields for each dimension or import from the specimen register.

Note: Itis possible  to configure the software to accept uncertainties values equalto zero ( Allow
null values for the uncertainty of mass and dimensions 0 ) verify item 8.9 Configurations Menuo
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in this manual. | f the option fACylinder di me n2s:i200n2sl ohtivatedA BaNcT N |
(Settings/Options menu), the calculator interface for the length and diameter of cylinders will be
different and with field s for only two measurements input .

After insert all dimensions, the software will automatically calculate the apparent density ( 0) and
show the localization of the nodal lines for bars and cylinders (where the specimen should be

placed over). Figure 26 shows where this information. Always check if the  calculated apparent
density is consistent with the material under test .
Always check if the apparent density ( 0) calculated by the Sonelastic N
Software is coherent with the material underte st. Dimension sand mass

errors are detect able in this way.

8.1.2 Performing a preliminary signal acquisition

It is necessary to take preliminary measurements to verify if the software  parameter s and
configurations are  adequate forthe specimen and material under test

. . N [ Capture
To start an acquisition , c | i ¢ kCapiure iF1) 0, on tléfteornerc.r J (F1)

The software will  start a continuous acquisition and be read y to perform the capture of an
acoustic response. If the IED Automatic Impulse Device is connected to the computer, it will

im pulse continuously until the signal curve in blue reach es the green line ( if the impulse device
is not reaching the specimen , modify the intensity as shown in 8.1.5. Spectrum and pre -
processing of the acquired signal ). If the IED Automatic Impulse Device System is not available
perform the impulse excitation by using a manual impulse device.

The acquired acoustic response will be shown in the interface (amplitude graph as a functi on of
time /points) . Verify the obtained graph and perform the necessary adjustments according to
item 8.1.3 Adjusting the signal acquisition.

8.1. 3 Adjusting the signal acquisition

I n the fi el dsolréecdq U iFB)gitispossibleto  select the signal source. Click the arrow
on the right to access the options. If a new source is connected with the software already open,
it may be necessary to restart it for it to appear in the list.

Acquisition source
Microphone (Xonar SoundCard) ~
Microfone (USB Audio Device)

+ Microphone (Xonar SoundCard)

Update...

Figure28 - Control for selecting thesignalacquisition source

Depe nding on the specimen characteristics ,it maybe necessary to enable the opt
to include high frequencies (48 -96 k Hz) .029) Tis may occur for high -moduli and small -

size specimen s (length of a few millimeters ). This option increases the detectable frequency

range ; however, itis advisable to enable this option onlywhentheresonance  frequency expected

is higher than 48 kHz. If it is not necessary, disable this option. To estimate a specimen
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resonance frequency, use t tsiulafoFrd e feabhay e (ns§lO® Simblatiensl
Menu). Note: To signal acquisition within the 48 -96 kHz range , the signal acquisition card or
module must have the 192 kHz sample rate  option or higher.

Acquisition source
Trigger filter

Microphone (Xonar SoundCard) - None
I @ Optimize to include high frequencies (48-96 kHz) I
o Signal duration " Higher Processing time Lower
. S— . A——

0341s

ACQUISITION CONFIGURATION

Figure29 - Enabling the option to increase the detectable frequencies range.

Int he Tfigger f i | t er 6 f i30) itds p¢ssiblegowradece the influence of environment noise
and other interferences. Th is filter activation is by choosing a frequency range. The filter ing is
applied only to the signal preceding the acquisition beginning, so that the trigger ing signal to

begin the acquisition is not influenced by surrounding noises. The detection filteris  disabled as
soon as the signal exceeds the green line

Trigger filter
Standard [500 Hz - 20 kHz] v

None
v Standard [500 Hz - 20 kHz]

[1 kHz - 3 kHz]
[1 kHz - 6 kHz]

[1 kHz - 12 kHz]
[1 kHz - 24 kHz]
[2 kHz - 48 kHz]
[4 kHz - 96 kHz]
[20 kHz - 96 kHz] !
[1 Hz - 100 Hz] L
[100 Hz - 1 kHz] |

Figure30- Slectingthe frequency range to trigger the acquisition

If a specimen is smalland present s high frequencies, then select higher ranges of frequencies ,

for instance, M kHz - 96 kHz o0 . I n that <case, only the frequencies
the acquisition.  Note: After acquisition, all frequencies will be shown in the spectrum, even the

ones that were not previously considered to trigger the acquisition

The controllers shown in  Fig. 31 allows the adjustment of the fiSignal duration 0 and fProcessing

time o.
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Signal duration + Higher Processing time Lower
| — Y [
1 1 1 I 1 I 1 1 | 1 1

0,683 s

ACQUISITION CONFIGURATION

Figure31- ¢Signal duratioh  theé&t NB O S & acénifaflersii A Y S ¢

T h eSigial duration 0 controls the software signal acquisition after acquisition trigger, it ranges
from 0.0853 to 14.6 seconds . The signal duration must be 4 to 8 times greater than the apparent
duration of the acoustic response (Fig. 32).

The f#AProces sdelects theisigmab interval to be processed for obtaining the frequenc y
spectrum. This region is indicated by the vertical red dashed lines, as shown in Fig . 32.
Processing time reduction allows detecting frequencies with low er amplitude whatis necessary
for high damping materials. However , processing time reduction also causes frequency peaks
enlargement, resolution decreasing and even merging nearby peaks. Additionally , if the
processing time is longer than the  acoustic response duration , it is possible that there is only
noise processing what may cause the frequency pea ks to disappear due to the moving average.

IVNIIS

0,073~
0,060~

0,040~

2 0,020~

0,000~

Aianisuss

540,020—

-0,040- §

-0,060- H

_07073_I U U U 1 1 1 1 1 1 1 1 1 1 1 1 1 1 +

Q 2000 4000 6000 8000 10000 12000 14000 16_000 18000 20000 22000 24000 26000 28000 30000 32767 E
28] o ol | [ aast |
Figure32-DNJ LK | yR O2y (iNRf (2 | Ra2dzald (KS aolt

The ASensitivityodo parameter, under the fASignal oo
acquisition triggering level (the green lines shown in the acquisition graph / Fig. 32). This
adjustment is also important to optimize the signal visualization.

The Signal duration , Processing time and Sensitivity —adjusting should be carried out by the user

in agreement with  the materialand  specimen dimensions. Wheni ndoubt, start with t he A S
durationo of OQan68Preeessdsg ti me(Fig.i3h apddSensitivity ati0.025
(Fig.32) . Thissetupis usually theideal one for ceramics and low -damping materials.

Note: t he acquisition time is divided in half if th
48-96 kHz)o6 is enabled (Figure 29).
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TheTestd bu t[j;ﬂ] allows the use r to perform tests before taking measurements,
verify ing the peak intensity and the suitable scale. When  this button is pressed, all other

commands are deactivated and the software goes into a continuous acquisition mode . To
interrupt this  mode , click on the same button, which wiltumto AStopodo i nsAdestad: of i
Stop

Sonelastic ® Software may request  offset adjustment  on the amplitude scale. This adjustment is
necessary for the acoustic response to be acquired without a DC level (Fig. 33).

0,247~
0,200-
0,150-
0,100-
0,00-
0,000-
0,050
-0,100-
0,150~
-0,200-
0,247~ 1 | I | | I I | 1 1 | I Il | I | | I 1

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000 34000 36000 38399

Points

K eiF o

e oy e ittt vy

Amplitude (V)

Figure33- Graph for the visualization of the signaly RA O G Ay 3 |y 2 F+0,826Hi2 207 | LILINREA Y I
If the blue line is on the zero -amplitude line (0,000) ,itis not necessary to perform the steps
described next. Otherwise, follow the instructions after these steps
Offset adjustment procedure:

Step01 ¥ Cl i ¢ k o Thestd button fand the blue line ( regarding the signal) will activate and
continuously updated. Verify if the signal average value coincides with the x -axis (y =0 .000).
Fig. 33 shows an example in which the blue lin e does not coincide with the x -axis, being
necessary an offset correction.

Step02 P Cl i ck on ipSform ptide adjustment.

Step03 7T Inthe A Conf i gurnehu (Fig.84 , select the AAdvanced acqui si

Acquisition mode [ 3
Options [ 3

Temperature measurement P

J Advanced acquisition <

Advanced trigger

Figure34 - Menuto selectthe advanced acquisition mode

New settings will be presented in AAcquisition configurationo and wil

using the 5’ button, un@iffeet ofieldh ign35).
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Microphone (Realtk High Defini (=] Sndard [ _ 20 kHz)

‘. — o6 ol aws |

‘| [T CCEENE N

ACQUISITION CONFIGURATION

Figure35-a h T F a4 S ¢ skcioB dza i YSy i

Step 04 1 Perform successive adjustment sc hangi n @ ffsetlbe afnd vi sual i zusingg
t heTesioc button, wuntil t hadsoathee zemogampliudereg | 36N e

Figure36- Detailed image ofthé h F Fa S ¢ @BWFTA IdzNI GA2Y

Step 05 1 In the iConfi gurmaeani,onsamark the &@é&duibsicedono

t he

optio

AAcquisition configurationso scr eenVeaify litdm 8.94tAdvancedt o t

acquisition for morei nformation about the iAdvanced acqui.sitiond mode

8.1.4 Software feedback during the signal acquisition

Onthe software interface top rightcorner , next t o th
button, there is  a status display . When the software is in
waiting mode, the message displayed willbe: AWai ti ng
commandso

| mmedi at el y af t eaptuceldi,c kwihrid san tfh e
waits for the acquisition, the message displayed will be Waiting the sample excitation...

repl aced f othe Spétanert excitgtion é 0

As soon as the signal exceed s the trigger ing line, the
message fAProce<9i ngi | $i gapdp éathe Processing signal...
the message will be

following steps of measurement,

iDet e Cﬂﬁék&’lé@ |
I Detecting peaks...

Waiting for commands.
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8.1.5 Spectrum and signal pre -processing

After the signal acquisition, it is possible to visualize the spectrum obtained from processing the

acoustic response in the i Sp e ct nab rfFég. 37) . The detected and selected frequencies are
marked by a small red box and are listed on the side of the spectrum graph. The vertical red
traced line corresponds to the frequency reader.

Frequencies

i

Automatic ~

(a,
S

20 log(A/Amax)

Baseline:
Spectum P~ -120
DetectedPeaks [[7." _
[~

Hemory Rasas

~
5

s

;/I Detected peaks: 1
N Freq (Hz)

1 8873,446

Min. frequency
8176,99

Max. frequency
9748,67

Amplitude (Vpp)
$83888¢

«
B3
9
2
2
5

-100-| L :
-110-| Min. frequency
ool e P e st A 152496
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000 34000 36000 38000 40000 42000 44000 46000 48000 Max. frequency
B+ Display range: Auto v O Memory Ercancrcyl(bz) F(Hz): 8873,45 A(Vpp):  -49,1551 5 16800

Figue 37 - Frequency spectruntab and commands for th&equencyselection.
It is possible to carry out manual pre -processing and specify the ranges of interest in the
frequency spectrum (Range 1 and Range 2) . Adjusts in both the minimum amplitude and
frequenc y range will limit the softwa  re scan for frequencies

At t he fASel ec(Fig.88n oitisoppsskibledachoose the method to detect the peaks: Base

Lineo , i n whpeakbabavé & speciBaselined i ndi cat ehbrizintgl tedh le are
chosen; or @AAut omantaigarithm dutomatichallyc detects the most relevant peaks.
Selection:

Base Line

Automatic

Figure38 - Section for choosing theeakd St SOl A 2 PaserlBél K2 RIYG ladzi 2 YI G A O¢

The frequency range to be analyzed is defined with the  fiRange 10 and i R a n gd&option s. For
t hat , it is necessary to enable this f @ragquency O0h, anddi bat
maxi mum ( frddeency 0) f r e g umving theegseen and brown verti cal lines .

Range 1
Min. frequency
8176,99

Max. frequency
974867

[] Range 2
Min_ frequency
152496

Max. frequency
16800

Figure39 - Section for seleatigthe frequency ranggto be analyzed

To set up the minimum amplitude , drag the horizontal red traced line to the required level
(ensure t h®aselpned @tni Siel ecti ond,. i s enabl ed
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If ASel ect i ofinAdu ti osmaatmidRaiige 10and fi R a n goere Inot enabled, the horizontal red
line and the vertical lines will not appear. In th is case, it will appear only the vertical red traced
line, corresponding tothe  scroll reader , and it will be ableto move from peak to peak (Fig. 40).

o
VNOIS

Automatic v

A
e S

20 log(A/Amax)
Baseline:

5

Spectrum raval -120
Detected Peaks [[","
Memory [~ [ [ty

Min. frequency
2402,34

Max. frequency
48000

Amplitude (Vpp)
ge388bst

WNYLI3dS

-100- [
-110- Min. frequency
- R S e S S O S Tt 1 b Ll i WWWMWWMMMWW 2402,34
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000 34000 36000 38000 40000 42000 44000 46000 48000 Mex. frequency
S Display range:  Auto v Memory (i () F(Hz): 161105 A(Vpp): 27,4758 [ 48000

Figure40-{ LISOG NHzY RA ALY IRanggd K&y RRKE | 8 LISIRGY YRG BYISTE S04k 2y ¢

Figure 40 highlighted section shows the frequency and amplitude value s of the peak selected by
the screen reader ( vertical traced line ).

Nextto t he graph, in AFrequencieso, it i s posddtuatored toa cho
AFurnace?o, when the | ED Aut o maatfirmace lare pvailaldee Thaide aré ce and
optional items  of Sonelastic ® Systems .

Frequencies v
v Frequencies

Furnace
N Freq (Hz) ~

69,360
700,121
902,025
8875,065
16110,489
21435,117
21624,598

A= RV, RN N SV N R

Figure41 - Contrd for choosing between Frequencijésctuatorand Furnace.

Note: If fi Ra n §oeand A R a n Boeare on, the software will search for the torsional frequency in
fi Ange 2 0 only.
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8.1.6 Setting the automatic  impulse device and furnace communication

I f the A&guatorddn ils enabl ed, the foll offigndg).screen will app

Actustor

Figure42 - Impulse device configuratioscreers.

On this screen it is possible to adjust the impulse excitation intensity. The basic interface allows

il %o0adjustment byusing at he Al ntkansiltnyot he advanced ipaameetef ace, t
corresponds tothe ampltude i n Vol ts, and ATO0O to the duration of t1l
on the impulse device, in milliseconds (ms). The higher the values, the higher the impulse

intensity (in the basic interface, fivo and fATO parameters are automatically changed as the

Al ntensityo 1| BheSdjeuasntdedt)est 06 button saves the a@onfiguil

impulse to the user observethe changes effect on the impulse excitationintensity  applied to the
specimen .

Note: The impulse intensity should be adjusted by the user according to the specimen material
and dimensions , alw ays aiming a proper excitation  without moving the specimen . The duration
and intensity setting are usually customized around 3 V and 15 ms for the Light RT Impulse

Device and around 35%  forthe Medium RT Impulse Device.

I f the option AFurnaceo is enabl ed(Figt48)e f ol l owing scre

Furnace

Tt | s

Figure43- Configuratiortab for the ammmunicationof with the f instrumented @irnace.
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The optPtortonsi@l ect s pbrhefthsfemaceanvhilstthe other parameter s( iBaud Rateo,

AParityo, and AAddresso) configure the c thegpacificatiorst i on an

on the temperature transmi tter.

The fATest o but t venfy ehe eonlneusicatiombetween Sonelastic ® Software and the

Furnace, showing the temperature in that specific moment of time under the fATemperat
field. The memor i zati on of this value is done by pressing th
If there is no characterization system as a function of the temperature (Furnace), disregard the

need for th ese adjustments.

8.1.7 Spectrum view configuration and saving to file

Figure 44 shows an example of three frequency peaks detection . It is possible to change the
scale by deactivat AMantax )t h eo fit2i0o n,o gaogfft carrrereof theospectrum
graph. The 0 dB level corresponds to the maximum amplitude measurable . Figure 44 images
information are the same, nonetheless the logarithmic scale facilitates the visualization of
smaller amplitude peaks

4,5E-2-
4 0E-2- ] 20 log{A/Amax)

3,5E-2- Spectrum [
3,062- Detected Peaks  [,”."
Memary I

2,562~

2,0E2-

Amplitude (Vpp)

1,56-2-

1,062~

5,0E-3-
0,0E+0-, ]

0 2000 4000 6000 800D 10000 12000 14000 15000 18000 20000 22000 24000 26000 28000 30000 32000 34000 36000 38000 40000 42000 44000 46000 48000

et Display range:  Auto = Memory (Frzey (GE) F(Hzy 161105 A(Vpp):  0,0422875 )
.
-10- 20 log(AfAmax)
o
30— Spectrum W
= 40 Detected Peaks ’T
= 0
o Memaory W
2 50-
3
2
2
g w-
o
s
-110-
B e ————— At e e WMW’%WNMW“WW
0 2000 4000 6000 S0DD 10000 12000 14000 15000 18000 20000 22000 24000 26000 28000 30000 32000 34000 36000 38000 40000 42000 44000 46000 48000
il Display range:  Auto = Memory (Frzey (GE) F(Hzy 161105 A(Vpp):  -27,4758 )

Figured44 - Examples of a spectrum in the logarithm scaleo{vg, and the samén linear scalébelow).

On the next graph (Fig. 45),the opti on ADi splay rangeo al |Ifeequencysel ect i
to be displayed. | n Sanetastic fi Baftwacedmakesthiseselection automatically.
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v Auto
100 Hz
500 Hz
1 kHz
5 kHz
9 kHz
24 kHz
48 kHz
96 kHz

Display range: Auto E

Figure45 - Control for selecting theisplayrange of interest.

The Q button s, on the corner of  graphs and tables , allows to export the graph in f.xls o,
fics v,000ggo. Click on this butt amfordhe gser chwosetdedolderwi |td
save the file . Itis necessary totype/ include the file extension at the file name end.

B8 Croose kb wite

€ T ThEFC » Desitop » Seuksns w O srch Resulk a

[ name | A s 7

Figure46 - Screen showing where the file will be saved in.

The graphics visualization may be adjusted by the button @, onthe graph s ®ottom -left corner.

Figured7 - Optionsfor adjusting the spectrum

From the leftto the right, the toptothe bottom:

Zoom in the selected area.

Horizontal zoom into the selected area.
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+
@] Vertical zoom into the selected area.

Automatic adjustment of the spectrum to the screen.

«+s Gradually increases the z  oom when the user clicks on  the graph or keeps the left -button
of the mouse pressed.

_+i+_ Gradually decreasesthe Zoom when the user clicks onthe  graph or keeps the left -button
of the mouse pressed.

The ﬂ button allows the user to move the spectrum along the screen. Keeping the | eft button
of the mouse clicked, it is possible to move the spectrum as desired.

Toreturntoth e initial model of  Sonelastic ® Software cursor, click on |T.
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8.2 ELASTIC PROPERTIES

Tab for calculating the e

File  Canfigurations Simulations Language

Capture Load file
(F1) (F3)

tab

lastic properties :

Walting for commands.

Flexural + torsional

Figure48- Sonelastic®dftware screen showing themodule forelastic propertiecalculation

This tab is used to perform
selected on the presented table

itis calculated the elastic moduli (see item

The first step i
AFl exural +

(G), and Poissonds
frequency

favoring such vibration modes (

Freq (Hz)

8870,929

16102,315

E (GPa): 69,931 + 0,492

G (GPa): 26,454 + 0,065

Poisson®: 0,322 + 0,009

* This value is strongly dependent on the

assumption that the material is isotropic.

20 log(A/Amax)

the calculation of the elastic moduli according to the
. Based on these values, dimensions and mass of the
cquisition modes ).

7.2.2 Excitation and a

s to choose which

type

Flexural + torsional
+ Flexural + torsional
Flexural + torsional w/ estimated Poisson
Single flexural
Single longitudinal
Single planar

Figure49- Screen for choosing the analysipe.

rati o. FIl exur al and

verify item 7.2.2 Excitation and acquisition modes).

Flexural + torsional

E (GPa): 69,971 + 0,492
G (GPa): 26,469 + 0,065
Poisson*: 0,322 + 0,009

frequencies
specimen

alfmoareal ysi s

t o503 i omal o weFical c ul armadduiug (E) thesshedronodulgsd s
torsi
list. Note: The specimen excitation and signal acquisition must be applied to points

onal

* This value is strongly dependent on the
assumption that the material is isotropic.

Figure50-Sonelasti® @ T g NB Y2 Rdz S

A4K26Ay 3
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AFl exur al + J/teosrtsiimoantaeld woi ®2%3onal ( Bwg <cal culating the Y
(E) and the shear modulus (G). The Poissonds rat.io val
51).

e

Figure51 - Field to fill withthe approximatedt 2 A & & 2 yo®auseNdn thé calculations.

Flexural + torsional w/ estimated Poisson

E (GPa): 69,591 + 0,633
G* (GPa): 26,469 = 0,065

* This value is strongly dependent on the
assumption that the material is isotropic.

Figure52-Sonelasti®R2 TG g NB Y2 RdzZ § aK2gAy3d (GKS 4SBEAVArZABR2ZT20KE29Ct &

fiSingle F1 e x ur a.l58): aflows cglculating only t he Yo ungo6 s atfierud alimads . Inth is
case, only the flexural frequency must be selected.

Single flexural

E (GPa): 69,501 0,633

Figure53-Sonelasti®® T 6 I NB Y2 Rdzt § & K 2 6 SingEC { (KESdzNaF & £S CRLAGRAYR yRAF (i K ¢

fiSingle Longi t udi n &4):calloysFcalaglating only the Y o u n gnfodulus at longitudinal
direction . Inth at case, o nly the longitudinal frequency must be selected .

Single longitudinal

E (GPa): 30,197 £ 0,193

Figure54-Sonelasti®® F i 6+ NB Y2 RdzZ S &aK2gAy3 (KS &8t SOGA2y 2F (K
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fiSingle Pl an ar 055]: &lowg calculating the Y o u n gndbdulus through the planar vibration
mode . In that case, only the planar frequency must be selected.

Vibrational mode: Single planar - Inform the estimated Poisson ratio: 0,24 £ 0,05

E (GPa): 84,153 + 0,397

Figure55-Sonelasti®R T i g NB Y2 RdzA S aK2gAy3a GKS aSsSt Sdiidh@wheethdasuteedt. at f I y I

Note: The images , appearing as t he i \al rha cheig chamge d, inform s an example of the
excitation and signal acquisition points depending on the vibration mode being measured.

The table onthe Elastic Propertiestab  right (Fig. 56) displ aysthedetected peaks. fANO r epr esen
the number of detected peaks; fi Fr.e(qH z )carresponds to the frequencies; AAmp (Vpp)o
corresponds to the amplitude of each frequency;AThoOF0 co
fort he torsi agontleel I, onfdiot udi n a lto;the aptadar @re 0For each vibration mode,

only one frequenc vy can be selected for the calculation s.

N Freq (Hz) Amp (Vpp) F|T|L|P
1 71,194 0,010237

2 716,026 0,000292

3 910,214 0,001145

4 8873,446 0,003485 X

5 16106,975 0,038673 X

6 21429,696 0,000705

7 21619,709 0,010190

Figure56 - Tablelistingthe detectedpeals, with theF NJB |j dz@al(€§ antpbtudeand mode selection

Note that the frequency of 5000.089 Hz i s marked wixoh andrdeédre firequen
9999.848 Hz i s mar ked wot If.F5 ) whehd meéns that both were used for the

calculation s (A Fl exur al + vibrations made )a Tochange the selected frequency , click on

the cell related to the new frequency. The amplitude v s. frequency plot (Fig. 57) highlights the

flexural frequency with a green circle the torsional one with a red square.

-10- 20 log(A/Amax)
-20-

30-
40~
50-
60-
0-
_80-
90-
-100-
-110-
-120-, ! WWWMMWWMW“M“W

0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000 26000 28000 30000 32000 34000 36000 38000 40000 42000 44000 46000 48000
Frequency (Hz)

Amplitude (dB)

P RUTIES

Figure57 - Amplitudevs.frequency grapthighlightingthe one used to calculate the elastic moduli.
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Elastic modulivalues (E,G and Poi s s oram@shownatFigune 58-a.

| f t he option AEsti mat e t he Eci bl: 2P@E9 Wi ciss at ABANDI e
fiSettings/Options menu 0, the estimated  secant/ chord modulus of elasticity (Eci) will also be

displayed as shownin Fig. 58  -b. The Eci estimate is applicable and makes sense only for concrete

and cementitious materials, in the example in Fig. 58 -b the result of estimating the Eci of a

cylindrical concrete sp  ecimen is presented.

[a] [b]

E (GPa): 69,971 + 0,492 E (GPa): 33.236 + 1.074
G (GPa): 26,469 + 0,065
Poisson™: 0,322 + 0,009
**Eci (GPa): 25.167 + 3.567
** Estimated secant/chord modulus.

* This value is strongly dependent on the
assumption that the material is isotropic.

Figue 58 - Hastic moduliresultso 09D t | 00¢D3 ,lodbR2 A @rid 2sfirbated Eci (GRa)

The user may change the spectrum visualization between a linear and a logarithm scale marking
the i 2 g ( A/ Amax ) dption .

4,0E-2- .
3,06-2-
2,56-2-

2,0E-2-

Amplitude (Vpp)

1,56-2-

1,0E-2-
5,0E-3-
0,0E+0-, { J L

0 2500 5000 7500 10000 12500 15000 17500 20000 22500 25000 27500 30000 32500 35000 37500 40000 42500 45000 48000
Frequéncia (Hz)

A+

Figue 59 - Amplitude \s.frequency graph.
Not e: The i Fimalatar & n dye tigeavering the frequencies pattern and assists on the
detection and choice of fundamental frequencies of vibration (see item 8.10 Simulations Menu).

For further information about frequencies selection , visit ou r web site
www.sonelastic.com or contact us byemail (info@sonelastic.com ).
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8.3 DAMPING tab

Tab for calculating time -domain damping ratio :

File Configurations Simulstions Language

m m Yaling for commends.

20 log(A/Amax) 6106,975 Froa (z)
716,026
910,214

B873,446

16106,975

21429,696

21619,709

~

20 log(A/Amax)

3

oy | HEERE
il Ei

s 3]

L

Figue 60 - Sonelastic®ftware screershowingthe time-domain camping calculatiotab.

The software automatically calculates the damping ratio inthetime domain  when the user clicks
on the fADampingo tab.

The screen shows two graphs  : the first one, onthe top part of the screen, shows the amplitude

as a function of frequency; whereas the second one, on the bottom of the screen, show s the
amplitude as a function of time (Figure 60) . The firstgraph  (Figure 61) is similar to the one that
appear s on the initial screen at the A Aquisition 0 tab. The vertical red traced line selects the
frequency used for the damping calculation.

{1 20 log(A/Amax)

Figure61- Example oin amplitudevs frequency graph usetb calculatethe time-domaindampingratio.

The user may change thegraph tolinearscale,being also possibletoapplyall the tools described
in item 8.1.5 Spectrum and  pre -processing of the signal.

The second graph (signal amplitude as a function of time) represents the signal attenuation; the
red line is Sonelastic ® Software curve fitting for the damping calculation.
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120 log(A/Amax}

tude (Vpp)

£ -0,005-

Am

U b , ; ol

B o +|

Figue 62 - Example of an amplitude vsme graph,illustratingthe signalexponentialattenuation

These graph s allow the application of t he fiZoomd o pthe expogation prdcess as
describe d in item 8.1.5 Spectrum and pre  -processing of the signal . To visualize the graph in
| ogarithm scal e, s elloggcA/Amaxh)ed ,o phtiigohnl ifig2e8.ed on Fi g

0-
-10- 20 log(A/Amax)

Amplitude (dB)

nr'n'm. LR -Fnr” Mo W” [ LU
" oes o1 oas 02 02 93 035 04 04 05 05 06 065 07
i Time (s) f&JL/I
Figue 63 - Example omplitude vstime in logscale
The right side of the screen shows a table with the detected peaks ( fi De t peaks ce)dith the

frequenciesvalues A Fr eq (Fidz64)l

Detected Peaks

N Freq (Hz) 2
"1 8874,049
16108,384

Figue 64 - Table of detecteghealkda 6 & 5 PenkEONIdS R

In Figure 64, there is a characterization in which two peaks were detected ( iDet ect ed, peaks
with the f r e q u e natugso (shreq. ( Hz )ob 8874 .049 and 16108 .384 Hz.

The software fits an exponential envelope  to the signal, that may be fine adjusted by the tools

presented below . Based on this envelope and chosen frequency, the damping is calculated and
presented in different units (see Appendix C i Detailing the damping calculation ).

The chosen freque ncy for the damping calculation can be changed by dragging the red traced

line of the graph in Figure 61, or by clicking onthe number ( AtNe Fhosenf frequency

presented inFigure 64. The values for the f undanusedfordahe damgnyuency
calculation, the damping ratio value (fiDampiAd.B-6() oOthe, fiTan(Phi))(Ad.E -6) 0 factor, a
gual ity Faador ¢Ad.) diare displayed intheright ofthe  first graph (Fig. 60 and 65 ).
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F (Hz):
16108,384

Damping (Ad. E-6):
216,4

Tan(Phi) (Ad. E-6):
4328

Q Factor (Ad.):
23104

Filter
Band + J‘ 100 Hz

Figure65 - Section comprising the damping data.

According to Figure 65, t he f r e & (Hzn)clgken( fdr the calculation was 16108.384 Hz,
the damping ratio ( AiDampi ng-6()Ad. wBABs cal cul 216.4,d fmmBare( Mtgd ) o ( Ad.
was 4328, and the quaQFactgr (Adg 6) o n23¥K0A .

Aimingto remove the influence of other vibration modes, it is possible to apply a bandpass filter
to the signal with the AFiltero option so that only t
del imited by the fABand No parameter is taken into acco

It is also possible to finely adjust the red exponential fiting t hrough the AAO00, Aibo,
parameter s (Figure 66) . These values correspond to the adjustment curve parameter s, given by

equation w6 0¢& OmMQ . T h e pdiafnéter allows pr ioritizing specific regions of the

curve: for S=1, the adjustment prioritizes the beginning of the signal; for S=0, the final part is

prioritized . This adjustment is useful for the non -linear cases (non -perfectly exponential decay),

and for the damping cal  culation considering different parts of the curve.

Curve fitting
S: 1 o
AD: 0,0299 E
b: -22,2663 o

An: 5 4084E-6 =

Recalculate

[ Start selection
Ti:

0s =

Acq. time:
0,0000104 s

Figure66 - Adjustment module fomdjusting theexponential curve anthe beginning othea A 3 yStart selectioa 0 &

Note: The adjustment of these parameters is only recommended for advanced users.
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8.4 DAMPING -TF tab

Damping calculation  tab combining time (T) and frequency (F) domain (Fig. 67):

File Configurations Simalations  Langusge

Load file
Waiting for nds.
m m 9 for commanss

120 log(AiAmax)

Figure67 - Sonelastic®ftware screerfor damping calculatioin the time-frequency(TF)domain

This module allows to calculate the damping ratio using a method based on the logarithmic
decrease of the peak amplitude atthe frequency domain , and not only on the amplitude of the
signal at time domain. For further details, please verify the scientific  paper:

http://www.scielo.br/pdf/ce/v58n346/v58n346al4.pdf

The software automatically calculates the damping for each frequency when the user cl icks on
i Da mp i TnFgab .

The first graph is similar to the one of the initial screens , under the fiAcquisition otab . The vertical
red traced line select s the frequency used for the damping calculation (Fig . 68).

i 20 log(A/Amax)

Figure68 - Amplitude vsfrequency graph for the choice of frequenieythe €DampingTF tab.

It is possible to use the adjustment tool to better visualize and export the graph, as described
in item 8.1.5 Spectrum and pre  -processing of the signal
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The second graph of this module corresponds to  the amplitude as a function of time or signal
attenuation (Fig. 69) .

=
-50- 20 log({A/Amax)
=
=
@ 65
T
5 70
E 75~
2 80
< -85-
b
ot
e
-105-, ' i ' i ' ' ' i ' ' ' i ' '
0 0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 0,5 0,55 0,6 0,65 0,682667
Time (s) 'S
A oil+]|
Figure69 - Amplitude vstime graph, representing the signal attenuationa logarithm scale.
Itis possibletochoose bet ween a | ogarithm and aA/Amax)k atpvissatizal e (A2
the graph. Figure 69 shows an example of a graph represented in logarithm scale, whereas Fig .
70 shows the same graph in linear scale.
0,004-
=
0,003-
o
£0,003-
Ft
En,m)z—
£
£ 0,002-
<
0,001-
0,001-
0_6 0,65 D,Il D,iﬁ D,IZ D,éﬁ D,I3 D,.liﬁ D,I4 0,1‘15 D,IS 0,55 D,|6 0,65 D,68é667
Time (s) %
Ao

Figue 70 - Amplitude vstime graph, in dinear scalerfon-logarithm).

Next to the frequency spectrum, there is a list (Fig. 71) containing the number of peaks ( ANO) ,
frequency inHz (AFrequency ( Hz)abg ( Dainp nip (Acd. & -6) 0 ) , gual i Qy f act
Factor (tAlWde )ttgngent of Phi -6 gaadc thd &uhvé gdjusimerd . pdEameter
(AS (Ad.)od).(Figure

N Frequency Damp. 7 Q Factor Tan (Phi) )

(Hz) (Ad. E-6) (Ad.) (Ad. E-6) (Ad.)

1 2471.488 1074.1 465.5 21482 0.2

2 3179.193 558.9 894.6 1117.8| 0.2

3 4080.020 425.4 1175.5 850.7 | 0.2

Figure71- Table showing the values fifEquency, dampingatio, quality factortangent of Phand adjustmenparameter

The ACurve adjustmento section allows the adjustment o

parameter), indicates the number of points used and also allows the selection of the beginning
and the end of the analyzed signal (Fig. 72).
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Curve fitting
S:
1

Default S:
1

Points:
121

[J Range selection

Ti: Os

Tf: 0,6827 s

Figure72-{ SOG A 2y T 2 NJ gaBrRetzand seledingthegsignaltarigé to be analyzed.

It is possible to select a region of the graph so that the damping calculation is carried out within
th ese limit s. For that, it i s neces s Rangesdlectiore @ dvol vertical hgeeenopt i on
lines will appear and the adjustment is done by dragging these lines to the beginning and to the
end of the desired region. Figures 73 and 74 exemplifies these adjustments.
0,004-
0,003 [ 20 log(A/Amax)
E0,003-
%0,002—
%D,Duz—
£
0,001-
0,001-
0_6 0,05 0,‘1 0,'15 D,'z D,is u,‘3 u,és 0,‘4 0,45 0,'5 0,'55 D,'ﬁ 0,65 0,65‘2667
A el Time (s) )
Figure73-! YLJ A G dzRS F & I ¥Fdzy Ol Ranhge sekedtiani F\YE OFMIZIWK B yd 6 S RiPK S
Default S:
1
Points:
38

Range selection

Ti:  0,0504789 s

TH: 0,251 s

Figue 74 - Areafor selectingthe range

Note aboutt hedi f f er e nc e DAMPINGOe na lBAMRING -TF0: In DAMPING , the adjustment

of the exponential curve is based on the acoustic response, in DAMPING - TF it is based on the
amplitude of a specific peak /frequency as a function of time. In DAMPING, the presence of other
frequencies may affect the curve adjustment, whereas in DAMPING - TF such influence is much

smaller because the adjust ment is focused only on one frequency . For further details, verify the
scientific paper:  http://www.scielo.br/pdf/ce/v58n346/v58n346al4.pdf

Page 50 of 84


https://www.sonelastic.com/en/
http://www.scielo.br/pdf/ce/v58n346/v58n346a14.pdf

Sonelastic ® Systems
Sonelastic ® Software 6.0 SO N E LASTIC

Advanced Impulse Excitation Technigue

8.5 RESULTS tab

Tab with table for results output :

File Configurstions Simulations  Language

[ |

E long (GPa) E plan (GPa)

Otog(Y)

Figure75- Sonelatic® Sftware screenshowing the tab foresultsoutput.

This tab allows exporting the result s into a table that may be posteriorly read and edited by
another program. To export the results to this tab, clickon A E x g oesults 0 button .

The software will open a window for the user , indicat ing the place where the file will be saved.
Choose a destination  folder , name the file, and click on fAExport Table 0o .

Figure76 - Window showing where the file will be saved
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Measurement data will appear in the tableatthe A Resul t &ig. 77)a b
Capture Load flle Save file |
(F1) | (F3) | (F4) ‘ Waiting for commands. ‘ “
ACQUISITION ELASTIC PROPERTIES DAMPING DAMPING-TF RESULTS | SPECTROGRAM ‘
FILE: C\Users\Deser Waeb\D nsaio\AL-BAR csv Export results Load table Clear table
Name | Time | No. t(min) T(°C) E flex (GPa) +(GPa) E long (GPa) t (GPa) | E plan (GPa) £ (GPa) & 1
x AL-BAR | 11:13 1 0 69,9311 0,4915 o 0 o o 08- Log(Y)
05
04~
02-
i
-0,2-
]
Thow de g 92 b ar e oe on 4
AnF|
Xz Time ¥: E(long)
"
08- Log(Y)
0,6~
04~
Al
ol
0,6~
ol
R R A R T
A8F|
I :ﬂ X No. ¥ E(plan)

Figure77 - Sonelasti® Software screen showing the measurememesultsin the table.

Not e: The rasEltspomtpti on exports the meaSsnelasicnfeSofiware esul t s
spreadsheet and saves it as a .csv file. Although, exporting the result will not save the entire
measurementfile , for that it is necefls@F4) dp whi c konihemtophi Ga a € e d

of Sonelastic ® Software screen.

All the measurement calculated results will be on the table once the results are exported . Figure

77 shows some of these data: specimen 6 s ame ( ANameadasur ement t i meumei Ti me 0)
of measurements ( ANo. 0) ; ti me i n miinhtetmeasuremént i¢ cairiad )out as;a

function of temperature, temperature (AT (0C)o0); flexur al el astici
l ongitudinal el asticity nmoddpullaunsa r( fiekl a sotnigc i (tGP amodd)u | us ( f
The other results available in the table, such as shear modul us (Piod s(s@mad)sb )r;at i o
( Ad. )frequency used for damping calculation ( A F . Damping (Hz)o); Damping

domain (ADampi ng anAld e)sa) mated secant/ chord modul umsayof el a
be seen by moving the  spread sheet view to the  right .

After performing the second measu rement and clicking again on AExposutsd, a mebkogzage
will pop up asking whether you wish to continue saving on the same file ornot  (Fig. 78).

o >
Continues saving in the previous file?

Yes Mo

Figure78- Window showing the option to continugaving the measurements the same file
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If the user wishes to continue,
data will appear
i Noo
If the user wishes to delete the

On the right of the results table,

on the line immediately be
a n d table willebavcreated and saved under a new file

any result, click on

must click on fi Y e ® &tore the values
low the previous characterization. Otherwise, click

name .

the x at the respective line

onthe sameta ble andthe

it is possible to see the results in a graphic form. For this,

AYo fi

el

choose the desired parameters at AX0 and
InFigure 79, there is a representation
t i me ( A Tlnthiecasg,.thereis only one measurement result .
220- .
Log(Y)
210-
200-
190-
180-
170~, | | | | | 1 | 1
1 075 -05 025 0 025 05 075 1
Ao+
X:| Time [=] ¥ E(flex) [=]
Figure79-, 2 dzy 3 Q& Y 2 REgiexd&iiiANISLIK a8 d YSE 0 @
Figure 80 is an example of adamping ratio obtained at the time -frequency domain

function of the t i me

1150-
1100-
1050-
1000-

950-

900~

( A TIn tmecaskg, there is

1 075 05 025 0
8o+

only one measurement

| l i |
025 05 075 1

result .

ClLog(Y)

X:| Time

[+] ¥ TFD

(=]

Figure80 ¢ DampingTFO & ¢ C5#A0Y S ad grapth Y S é 0

The graphs can be represented in
available parameters for the x
temperature

al ogarit

-axis are: number of
( ATe mp the wltager eppl)ed toatlredmpulse Device

an option, choose the desired variable from the list (Fig

b EINO.

( i TF Bga)

hm scale by selapton i Thg
the measur ement (ANo. 0) ,
(AVPO). To

. 81).

No.

Temperature
VP

Figure81 - Available parameters for theaxis
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The available parameters
domain (ATDO) ;
flexural vibration

forthe y-axi s ar e:
dia the itimeg frequency domain

( A(Ef | e xY) oou n grmbdulus obtained by longitudinal vibration

temperature (ATémhpeEmeat ur e o)
( A TFDYO u n gnbdulus obtained by
(ARE(long)o);

and Y o u n gnddulus obtained by planar vibration

( A(Rlan)o) ;

shear

mo ¢ estimated ( i GO )

c |

c k

i Save file
&_,(jf) by «cl

secant/chord modul us of el ast i ¢ P-wgvedqwelacityi ( f \GFP @) ;8-wave s velocity
(AVs0). Tam ogi@n] choc dse the desired variable from the list (Fig . 82).
Y: v

Temperature

™

TFD

E(flex)

E(long)

E(plan)

Edi

Figure82 - Available parameters for the-gxis.

To | oad the results saved in ot hexceléd pr & adssthe desired,
spreadsheet.
The files generated by the software mayfileb
(F4) 0 button, on the top of the screen.
A screen will pop up showing the possible  destinations to save the file. Ch

oose a name for the

file,the destin yf ol der ,

and

cl

i ck

on

AOKO.

[ save

ATCP file

« r » This PC

Organize v New folder

&= Pictures
ATCP-NDT
Site
Aba Amertecim:
Aba Amortecimi
Recortes

Sonelastic
@ OneDrive

3 This PC
B 30 Objects
B Deskiop

File name: | AL-BAR.atcp

Save astype: Custom Pattem (*.atcp)

A Hide Folders

o

Figure83- Window showing where the file will be saved.

Files may be verifi ed and/or modified in the

r

which allows opening a previous saved

Just

cl i c kfileo(nF 3fi)Loo aadn d

Note: Saved files will only be
fle (F3) 0
files, differently from the

opened by any computer that

0 @omputens that do not have

fuure by cl i cki ndiled i 30 Load file
fle. L (F3)
srespeeticet filgd. h e
opened when Sonelastic ® Sof t ware is running, throu
Sonelastic ® Software installed may not open these
spreadsheets generated by t he fAEslsoertopti on, t hat C

has .csv compatible software
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8.6 SPECTROGRAM tab
Tab for the 3D visualization of the signal (Fig. 84) .

File Configurstions Simulations  Lenguage.

m E ‘Waiting for commands.

Figure84 - Sonelastic®d&ware screen showing the tab for treignal3D visualization.

| n t 8pectrdgram 0 mo d wB@spect rogram (amplitude  x time x frequency) of the acquired
signal is presented . The user can click on the graph and move the mouse to visualize it from any
specific direction. The AdBo option al | (figns85t he visual:i

T

Figure85 - Visualizing the 3D graph in logarithm scale.
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8.7 Automatic acquisition mode

The a utomatic acquisition mode allows programming  Sonelastic ® Software to perform automatic
measurements during pre -established intervals . Tochangethe acqui si ti on mode from
to fiAutomatico, clickupnpdenMnCobhéi marat Menso thenwséeheaot
AAcquisiti@ig.8modeod

Note: it is necessary the IED Automatic Impulse Device to employ the automatic acquisition
mode.

Configurations

Manual

Acquisition mode

Options 3

Ternperature measurement bk

Advanced acquisition

Advanced trigger

Figure86 - Menu to ctoose the automatic acquisition mode.

After selecting the Automatic mode, the options on the top of the screen will change and will be
shown asin Fig . 87.

[ ATCP Sonelastic 5.0 (datreg) -
File Configurstions Simultions  Language

L]
s

SAMPLE DATA ACQUISITION CONFIGURATION

1 20 logfA/Amax)

Soechum I~
Detectea Peaks [, Freq (Hz)
P~ 71,194
716,026
1910,214
8873,446
16106,975
21429,696
21619,709

Figure87 - Sonelastic®dftware screen showing the automatcquisition mode.

In this acquisition mode, the user should configure the measurements interval and the number
of cycles to be measured. The adjustments can be made clicking on the arrows next to each
opton: i nterval @ Icrytcd rews a |(@i)&ughcas shawn in Fig . 88.
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Interval 1 min 2 Cycles 1000 =

Figure88 - Automatic acquisitiorcontrols

Af ter clicking on @APLAYOpup dortheaser tavchaosk a destiwatidn Folder to
save the measurements.

After that, the  status of Sonelastic ® Sof t war e wi | | change to AAutomatic
This message will change as measurements cycles progress .

After specifying the  location where the software will save the files , the measurement process
will initiate  automatically

At any time, measurements may be paTlmsf e l'icking on
restart the measurements, click again on APAUSEO to disable it . L
If

Measurements may be interrupted at an! STOP by clickin
A window will pop  up asking whether the user really w ishes to interrupt the measurement or not
(Fig . 89).

) *

Do you really wants to stop measure?

Cancel

Figue 89 - Dialog boxshowingthe option to cancel a measurement.

Iftheuser wantst o interrupt the measurement, click on AOKO,

Each cycle willbe saved as anewfile, which can bereadby Sonelastic ® Software. A spreadsheet
containing all obtained results will be generated as a .csv file so it can be opened by other
applications.

The software will automatically show the screen in which the calculation is being carried out,
according to the following order : AAcquisitiono, fi D aTnipoi, n gAoE, | afisCtai nep i Mhogd u |
ARegdwsld. On this | ast screen, there wil!/l b e (Figure®@ unt d own

Remaining Time: 46 s

Figure90 - The ountdown to the next measurement carried out in the automatic acquisition mode.

Each point will appear on the graph s presented in fi Re s u | skesitem (8.5 Results Module 71
processing results ) (Fig. 91) .

Page 57 of 84


https://www.sonelastic.com/en/

Sonelastic ® Systems
Sonelastic ® Software 6.0 SO N E LASTIC

Advanced Impulse Excitation Technigue

=
=]

Name
AL-BAR Auto
AL-BAR Auto
AL-BAR Auto
AL-BAR Auto
AL-BAR Auto
AL-BAR Auto
AL-BAR Auto
AL-BAR Auto
AL-BAR Auto
AL-BAR Auto
AL-BAR Auto

E flex (GPa) +(GPa) E long (GPa) + (GPa) E plan (GPa)
69,9707 0,4918
69,9519 0,4917
69,9618 0,4917
69,9638 0,4917
69,9714 0,4918
69,9767 0,4918
69,9799 0,4919
69,9782 0,4918
69,9798 0,4919
69,9798 0,4919
69,9798 0,4919

ololoo|oc oo olooc|lo
o|lolojo|joooolo|o|o
ololoo|oc oo olooc|lo

EREAE AL RN AR A
| = "
ool Nou | bwN =

Figure9l- Tables showing the data of an automatic measurement tatgnom temperature.

Not e: I f the test is carried out as a function of temp
values of the temperature in each cycle; otherwise, the column will be blanked (see item 8.1.5
Spectrum and pre -processing of the signal to adjust the parameter related to the furnace).

Next (Fig. 92) itis represented an ex ample of a ceramic specimen measurement as a function

of temperature . The top graph  presents the damping ratiovalue (A TDO) as a function
(ATi med). The bott ommaonitorsnd ,t ehnopweervaetru,r e ( A T easrgpfctiant ur e o)
of time (ATIi meod) .

Fide Configurations Simulations  Language

e I . |

Ci\Users\Desenvolvimanto Web\Documents\Sonalastic\Imagens\Aba Resultado\ExemploPlanilha.csv

Eflex (GPa) | +(GPa) | Elong (GPa) 4 (GPa) | E plan (GPa)
0001-A2-C1 16.4 0.24
0001-A2-C1 ) 164 0.24
0001-A2-C1 164 0.24
0001-A2-C1 : , X 164 0.24
0001-A2-C1 : , ) 164 0.24
0001-A2-C1 I , \ 164 0.24
0001-A2-C1 : , ) 16.30 0.24
0001-A2-C1 \ 16.39 0.24
0001-A2-C1 fr 16.39 0.24
0001-A2-C1 1 % 16.39 0.24
0001-AZ-C1 , 16.38 0.24
0001-A2-C1 : , 3 16,37 0.24
0001-A2-C1 : , , 16.37 0.24 |
0001-A2-C1 ] 3 3 1636 0.24 | g
0001-A2-C1 : , , 16.36 0.24 |

0001-A2-C1 : , 16.35 0.24
0001-A2-C1 16.35 Otea(Y)
0001-A2-C1 16.35
0001-A2-C1 16.33
0001-A2-C1 16,33
0001-A2-C1 : \ 16.32
0001-A2-C1 i , 16.32
0001-A2-C1 : , 16.31
0001-A2-C1 : 16.32
0001-A2-C1 : 16.31
0001-A2-C1 16.31
0001-A2-C1 16.31
0001-A2-C1 16.31

Figure92 - Sonelastic®ftware screen showing automatineasurement data as a function of teemature.

Figure 93 and 94 illustrates a spreadsheet generated by Sonelastic ® Software. This data export
format (.csv) facilitates the us age and practicality for posterior data processing.

Page 58 of 84


https://www.sonelastic.com/en/

Sonelastic ® Systems
Sonelastic ® Software 6.0 SON ELAST'C

Advanced Impulse Excitation Technigue

gin Inicisl ut da Pégina

c E 5 ; ) K s E ; z
Time No. t{min) T(°C) Eflex {GPa) +{GPa) Elong (GPa) *(GPa) Eplan (GPa) * (GPa) G (GPa) +(GPa) i (Ad) +(Ad.) F.Damping (Hz) Damping(Ad.) A (V) F.Damping-TF [Hz) Domping-TF (Ad.E-6) AV)  Vp(m/s) ¢ ) % (m/s) TimeStamp (s) ActuatorV V) Tan

Bl . sak auto 1118 63,5707 04518 [ o ] 0 26,4689 0,0852 0,3218 0,0088 88734 0,000368 0,003485 873,446 0003485 61681 53 31621 9 3884771327 48
AL-BARAUto 11:15 63,9519 0,4917 o 0 [] © 264686 0,0652 0,324 0,0086 98724 0,000357 0,002498 8872,383 0002458 61638 53 31621 3 36477343 48
AL-BARAUto 11:16 69,9618 0,4917 [ o [ 0 264701 0,0652 0,3215 0,0086 8873 0,000355 0,002683 872,966 0002661 61654 51 31621 9 3654771403 48
AL-BAR Auto 1117 63,5638 0,4317 0 o ] 0 264707 00652 0,3215 0,008 88731 0000351 0,002457 8572,082 0002457 61655 53 31622 9 3654771463 48
AL-BAR Auto 11:18 63,9714 02918 [ o o 0 264658 0,0652 0,3217 0,0086 8715 0,000345 0,002484 8873,507 3894 000MB1 61679 51 31621 9 3EM7T7sA 48
AL-BARAuto 1119 69,9767 04518 0 o ] 0 26471 00652 0,318 0,006 88736 0,00034 0,003171 8872,626 4155 0003171 61685 53 31622 9 3634771583 48
aL-BARAuto 11:20 63,9739 0,4913 [ 0 [ © 264716 0,0652 0,3218 0,0086 8873 0,000355 0,002551 8874,019 3838 0002551 6163 531 31622 3 3ea77IEa 48
AL-BAR Auto 11:21 63,5782 0,4518 0 0 ] 0 264726 0,0652 0,3217 0,0086 8873, 0,000364 0,002731 873,539 42,1 0002731 6168 53 31623 9 3esaTME 48

Bl oA auto 11:22 63,9798 0,919 [ o [ © 264725 0,0652 0,317 0,0086 8373 0,000258 0,002577 874,03 402 0003577 61685 51 31623 3 3T 48
AL-BARAuto 11:23 69,5738 0,4519 0 0 ] 0 264735 0,0652 0.3217 0,0086 8874 0,000356 0,002438 8874,049 408 0002438 61679 53 31623 9 3634771823 48

s B4R auto 11:27 69,5738 0,4919 [ 0 [ 0 264735 0,0652 0,3217 0,0085 8378 0,000358 0,002438 874,049 408 0002438 61673 53 31623 9 3634772021 48

Figure93 - Example of apreadsheetenerated bySonelasti®Softwareand importedby MSExcel.

+ ALBAR Auto - Planihas Google

@ docs.googlecom;

e = 0o

o P00 - RS o oo Avial « B =-1- co @@ ¥ ~ZI- ~ m
Name Tims No. tmin) ) Eflex(GPa)  a(GPa) Elong(GPa)  (GPa) Eplan(GPa)  3(GPa) G(GPa) a(GPa) T(Ad) alad) F.Damping (Hz} Damping (Ad) A (V)
AL-BAR Auto 115 1 63,9707 0.4918 0 o ] ] 26,4589 0.3218 00086 8734 0000368 000348
AL-BAR Auta inis 2 69,9519 04917 0 o ] [] 26,4686 03214 00086 w724 0000357 e @
AL-BAR Auto 116 3 69,9618 0.4917 0 o [ ] 264701 03215 00086 8873 0000355 000268
AL-BAR Auta 147 4 69,9638 0.4917 0 o [ [] 264707 03215 00086 8731 0,000351 000245
AL-BAR Aulo 118 5 04918 0 0 0 0 26,4699 03217 00086 8735 0000346 0.00248
AL-BAR Auto 119 6 04918 0 o ] ] 26471 03216 00086 w738 0.00034 000317
AL-BAR Auto 120 7 0.4919 0 o ] ] 264716 03218 0,086 8874 0.000355 000259
AL-BAR Auto 1121 ] 0.4918 0 o ] ] 264726 03217 00086 w738 0000364 000273
AL-BAR Auto 12z ] 69,9798 04919 0 o [ ] 264725 03217 00086 8874 0000358 0.00257
AL-BAR Auta 123 10 699798 0.4919 0 0 [ [] 26473 03217 00086 6874 0,000358 000243
AL-BAR Auto nar " 69,9798 04919 0 0 0 ] 26473 03217 00086 8874 0,000358 0.00243

1000 linhas 2o fim,

'daly

Figure94 - Example of a spreadsheet generated by Sonelastic® Sofiwmertedo &8 D2 2 3f $Q& aLINB |
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8.8 File Menu

TheFifil e d me.n9B) is(a|uick form to access the main tools for saving and loading files,
as well as loading and exporting data to a spreadsheet. Through this menu it is also possible to
access the specimen registration worksheet and generate test reports.

m Configurations  Simulations
1 Open.. F3
Save F4

Specimen data entry F5

Generate report F6

Load table Ctri+L
Export results Ctri+E
Exit Ctri+Q

Figure95 - File Menu

Toloada previous saved f i | e, cOpe&endé oM ofi save a me Gopalastie fhEaftwarei n

format (atcp) , cl i ck on fASaved. To |l oad a spreadsheet with p
on fALDabl@ld. Lastly, to export the main resul tresutsd.a spr e
From this menu it is also possible to close Sonelastic ® Software wi ndow by <c¢clicking on

8.9 Configurations Menu

At the fAConf i gur at96)dispossiblmte adjust thelSigngl acquisition mode (manual

or automatic), adjust the acquisition configurations, enable the software to report the velocity

values, adjust the measurement configurations as a function of temperature, and lastly, perfo rm
fine adjustments on the processing configurations and data acquisition.

Configurations
Acquisition mode [
Options [
Ternperature measurement b

Advanced acquisition

Advanced trigger

Figure96 ¢ Configurations Menu

8.9.1 Acquisition mode

The acquisition mode can runon i Manual describadksin items 81 to 8.6, as well as on
AAut omat idesdibed ia sitem 8.7 Automatic acquisition mode.

The automatic acquisition mode is recommended for users wishing to perform serial
measurements as a function of time and/or temperature (in the case of having a measurement

system coupled). To employt he au tomatic acquisition mode, it is necessary the |IED Automatic
Impulse Device
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8.9.2 Options

Under the fAConf i g(Figad?)i wismssiblete ni Al | ow n wlfor unceatdinties 0 |,
AShow Vp ¥aldueflep 97),AEsti mati ng PRopodcs @BNTNBR/8522 -1: 2021) 0
and choose AiCyl i nder di mensions -By 2ARN®. NBR 8522

(WINBE LI Simulations  Language

Acquisition mode 3 [
i 1 )
+ Allow null values for the uncertainty of mass and dimensions

Show Vp and Vs Values
Estimate Eci by Popovics (ABNT NBR 8522-1:2021)

Advanced acquisition Dimensions of cylinders by ABNT NBR 8522-2:2021
Advanced trigger | | |

Temperature measurement

Figue97-ah LJi A2y aé s dzyRSNJ GKS a4/ 2y FAIdzNI GAz2yaé a8l

The option AAl |l ow uncettdintesval mdd oWwer uncert aof the iirpst v al ue
parameters to be null, therefore, the user may leave the fields reserved for dimension s and mass
uncertainties as being equal to zero.

Name | Example Mass (g) | 14,750 + /0,000

L (mm) | 82,50 £ (0,00 T

W (mm) | 8,28 £ 10,00 b

T (mm) | 5,00 £ (0,00 T
—_/

£ =432 glem?
% 0224 x 1L =1848mm 0,320x L = 26,40 mm 0,552 x [ = 45,54 mm

SAMPLE DATA

Figure98 - Fieldsfor uncertainties values.

I f the option fAAl | uncertamties 1060 Vv & ue sha fsérmmuast type some value in
the uncertainties field, otherwise the software will not proceed to the next tab for the elastic

moduli calculation  (Figure 99) . Instead, it will show the fol lowing message:
) X
Please, provide sample's dimensions and mass.

Figure2 - Software dialog box that willpogpg K Sy G KS 2LIGA2y a! tt2¢ ydzZt @I fdzSa TFT2NI SN
the elastic moduli calculation screen.

The option @&/lthows Vpal uesd activates the calculation anc
P-waves (AVpo) and the -wavmed ¢pf&/sd)f al o8g with the val
modulus on the tab ELASTIC MODULES (Fig. 100 -lal]). The option fAEstimweaate th
(ABNTNBR 8522 -1: 2021) 060 activates the estimation and displ a:
(Eci) (Fig. 100 -[b]). This option should be used only for concrete and cementitious materials.
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E (GPa): 30.196 £ 0.192 [a] E (GPa): 33.236 + 1.074 [b]
G (GPa): 13.271 £ 0.037
Poisson®: 0.138 + 0.008
Vp (m/s): 3790.53 = 30.33 [“"Eci (GPa): 25 167 + 3.56?]
Vs (mls): 2456.98 + 7.81

** Estimated secant/chord modulus

* This value is strongly dependent on the
assumption that the material is isotropic

Figure 10@; [a]: Section of the elastimodulus results showing the sound velocity values far P @S & 0 a6 LIPS &l gR:H & 0 T
[b]: Section of the elastic modulus results showing the estimatmhnt/chordmodulus of elasticity (Eci)

The option AEsti mate Eci by H@(2DH Wi casct(i ABBNTe sNB R e8 %X2 i m
presentation of the secant/chord modulus (Eci) in the results tab. This option should be used
only for concrete and cementitious materials.

8. 9.3 Temperature measurement

In this field is set the temperature measurement data source (Fig . 101) . For th is, ch oose the
option representing the channel of the furnace communication controller that will perform the
test.

Acquisition mode »

Options 3

Temperature measurement b Via Modbus

J NI USB-TCO1

Advanced acquisition
Thermeocouple Type #

Advanced trigger

Figure101¢da ¢ S Y LIS NI (i dzNB opfibnssa dy0RYSN (iieK S a/ 2y FAIdzNI A2y &aé Y

8. 9.4 Advanced acquisition

The fAAdvanced anodg aliowsifihei adjustnent s to enable or refine measurements
regarding the sound processing (Fig. 102) .

Acquisition mode 3

Options 3

Ternperature measurement

Advanced acquisiticn

Advanced trigger

Figue 102- Menu for selecting the advan@equisition mode.

Once this option is enabled, a new screen will appear in AAcqui sition camf i gur
i Ac qui sial.iToimew screen contains fine advanced adjustments regarding the signal
processing. This tool must be used only by the advanced users of Sonelastic ® Software.
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Microfone (Realtek Audio)

' —

ACQUISITION CONFIGURATION

Figurel03- Section for the advanced adjustments configuration of the signal processing

8.8.5 Advanced trigger

To select the advanced mode of the Trigger, enabl e f Adivna nficCeodn ftirgi(@Eggaetrioo n s
104) . This field allows changing the fiTrigger filter owi nd o w, VAngdigtion Qonfiguration 0O
(see item 8.1.3 Adjusting the  signal acquisition ).

Configurations

Acquisition mode 3

Options 3

Temperature measurement  p

Advanced acquisition

Advanced trigger

Figure104- Menu for selectinghed ! R+ y OSR G NAIISNE o

A new screen will replace t h eTrigger f i | tfieddr, dllowing free adjustment of the frequency

range. Select the range of frequencies by pressing the arrows up  and down, nextto the A Hi g h
passo and 0 bptioms (Feys1l9®9) .1 f t he user does not wi shTrigger appl y
Filter 0 crmoustimadsabled

Figure105- Section for adjusting theangeof ¥ NB |j dzS yTidg&@ it & NI @
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8.10 Simulations Menu

Sonelastic ® Software allows the user to estimate the fundamental vibration frequencies of a
specific specimen based on its characteristics. To choo(Bige this

106) .

Frequency estimator Ctrl+F @ —

Signal simulator

Figue 106- Software simulations menu.

There are two options undersimullitar® merdu:i Shigmeaduesnaonul at or
option gives the user the possibility to estimate the flexural, torsional, longitudinal, and planar

vibration natural frequencies of a specimen . The second option was created for internal use of

ATCP Physical Engine ering for running tests and calibration.

To enable the frequencies estyismalatow ©, Al incekv i op@we gud é 1
and will contain all the input parameters  needed to calculate the frequencies (Fig. 107) . Fill in

the gaps with the mat eri al 6s a pYporuonxgioslal tue (GPa), density (g/cm3) and

dimensions.

The AEstGanbPtoe command all ows the user tSonelhstid 3 Sokwawhet her
shoul d esti mat e t he shear modul us ( G) and tdPsomak sonds
fundamental frequency calculation. If this command is enabled, the software will define the shear

modul us for the materi al as being equal to 26.Ifae and t
tested specimen does not meet these values , it is poss ible to disable this function and define

different values for these properties.

After filling in the gaps with a | | the necessary information, Thd i ck o
software will inform an approximate value of flexural, torsional and longitudinal frequencies for
rectangular bars and cylinders; flexural frequencies for cantilever beam s; and only the planar

frequencies , for discs and rings.

@ Frequency estimator

Densi I 63
E (GPa): | 69,51 ensity (gfcm) |2,
A
Estimate G and P, —_— Length (mm) IBD,T g
’
G (GPa): 127,81 —| Width (mm) | 14,29
Poisson: (25 I Thickness (mm}) 14,91
L]
ELASTIC MODULI SAMPLE DATA

Frequencies (Hz)

Flexural: |8868,58 (1 |

Torsional: | 16508,76 [ |
Lengitudinal: I [ [ ]

Planar: I... | |

Sensor range
Il ot 0oz [ Up to 20 kHz uptodokrz [l Over 50 KHz

[ Calculate (Enter) ][ Exit ]

Figurel07¢ Frequency estimator.
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The caption on the bottom of the screen helps the user to identify the frequency range in which

the specimen will vibrate. The frequencies in blue (up to 100 Hz) are critical and may need fine
adjustments to be captured (seeitem 8.9.4 Advanced acquisition mode ). Frequencies above 40
kHz (red) require acoustic pickups and special acquisition devices to be detected. Note: ATCP's
CA-DP and CA -DP-S Acoustic Sensors, as well as the Xonar  acquisition board, are capable of
capturing frequencies up to 96 kHz.

This simulator allows the use r to estimate if the tested specimen will present frequencies
detectable by the software, being able to establish, for instance, a pattern size of specimen s.
Besi des, t heysimblate u éared ps t hwerifyu theeappraximate frequency in which

a specific specimen will vibrat e for the desired vibration mode.

To cl ose t heysinBlatce guesreceleinck on AExito.

8.1 1 Language Menu

It is possible to change the main language of Sonelastic ® Software by choosing one option from
t he ALangua drgare 108 n.urhe options available are English and Portuguese.

File Configurations Simulatiu:uns

+ English

Figue 108¢ Language Menu.

8.12 Module for registering specimens
It is possible to carry out prior dataentry of t he s p d@iméensies and mass using the
fiSpecimen dataentry 0 modul e. To access it, 1) yuttan ok thenacqaisitiooc k o n t h

tab (Fig . 109), orgo t o t hSpeciméniddteeehtry 0 menu or use the shortcut

@

File Configurations Simulations Language

Capture Load file Save file

Waiting for commands. ‘ ‘“y
L

(F1) (F3) (Fa)
ACQUISITION ‘ ELASTIC PROPERTIES J DAMPING DAMPING-TF RESULTS SPECTROGRAM |
Acquisition source T
- rigger filter
< Name| Exemple-Exempio-2 M(g)[3499.700 ' £0.100 Microphone (Xonar SoundCard) Standerd (500 Hz - 20 kiz]
Optimize to include high frequencies (48-96 kHz)

\ | L (mm)| 195.79 £1035 %
} D (mm) | 99 63 %1068 > - Signal duration . Higher Processing time Lot

‘ p =229 glem’ ) G @4
= N 0683
3 0,224 x L =43.86mm 0,552 x L = 108.08 mm

SPECIMEN DATA ACQUISITION CONFIGURATION
\ § Frequencies
-
& Detected peaks: 1

N Freq (Hz)
1 6000.002

128

Figure 10,6 L R¢ odzilizy G2 | O0O0S&da GKS Y2RdzZ S T2NJ LINA2NJ NB3IA &GN
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Y

Figure 110 shows the interface of the fiSpecimen data entry 0 mo d,whieh comprises a
spreadsheet and fields for entering the specimen mass and dimensions.

Figure 11@; Interface of thed { LISOA YSyYy RI G} Sy G NEB¢ Y2RdzZA S

- When clicking on the Ebutton to open the registration modul e, t
DATA ENTRYO field of the Acquisition Tab are brought t

- To register a specimen, enter the data and click on:

When clicking on the [Register] button, a new row will be ¢ reated at the end of the worksheet.
When clicking on the [Register] button combined with the [Shift] key, the data will be overwritten
in the highlighted row in the spreadsheet. The spread sheet capacity is 9999 rows.

- To delete a row of data from the worksheet, click the [ x] in the first column.

-To register a specimen directly from the field ADATA
click on the button (i) while holding the [Shift] key.

- To save changes and exit, click: . When saving and exiting, the data
from the highlighted worksheet row will be entered in t
Tab.

- To discard changes and exit, click:
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