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List of Abbreviations

AFiSiMO
DDF

ED
EMAT

FT
GD
HEX
ID

acoustic field simulation module
dynamic depth focusing
electronic delay
electro-magnetic acoustic
transducer

flight time

global delay

hexadecimal

inside diameter

LD
LW
OD
OPD
PA
SW
uUT
vC
WD

law delay
longitudinal waves
outside diameter
optical path difference
phased array

shear waves
ultrasonic testing
volume corrected
wedge delay

List of Abbreviations 7



DMTA-20039-01EN [U8778541], Rev. B, September 2022

8 List of Abbreviations



DMTA-20039-01EN [U8778541], Rev. B, September 2022

Important Information — Please Read Before Use

Intended Use

The Advanced Calculator software is designed to calculate phased array probe
element delays to be used with Evident instruments for nondestructive ultrasonic
inspections of industrial and commercial materials. The Advanced Calculator
software also performs acoustic field and beams simulation.

Instruction Manual

This instruction manual contains essential information on using this Evident product
safely and effectively. Before using this product, thoroughly review this instruction
manual, and use the product as instructed.

Keep this instruction manual in a safe, accessible location.

Safety Symbols

The following safety symbols might appear on the instrument and in the instruction
manual:

A General warning symbol:

This symbol is used to alert the user to potential hazards. All safety messages that
follow this symbol shall be obeyed to avoid possible harm.

Important Information — Please Read Before Use 9
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A High voltage warning symbol:

This symbol is used to alert the user to potential electric shock hazards greater
than 1,000 volts. All safety messages that follow this symbol shall be obeyed to
avoid possible harm.

Safety Signal Words

The following safety symbols might appear in the documentation of the instrument:

A\ mrrET—

The DANGER signal word indicates an imminently hazardous situation. It calls
attention to a procedure, practice, or the like, which, if not correctly performed or
adhered to, could result in death or serious personal injury. Do not proceed beyond a
DANGER signal word until the indicated conditions are fully understood and met.

A\ mrTe—

The WARNING signal word indicates a potentially hazardous situation. It calls
attention to a procedure, practice, or the like, which, if not correctly performed or
adhered to, could result in death or serious personal injury. Do not proceed beyond a
WARNING signal word until the indicated conditions are fully understood and met.

A CAUTION

The CAUTION signal word indicates a potentially hazardous situation. It calls
attention to an operating procedure, practice, or the like, which, if not correctly
performed or adhered to, could result in minor or moderate personal injury, material
damage, particularly to the product, destruction of part or all of the product, or loss of
data. Do not proceed beyond a CAUTION signal word until the indicated conditions are
fully understood and met.

10 Important Information — Please Read Before Use
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Notes Signal Words

The following safety symbols could appear in the documentation of the instrument:

[ IMPORTANT |

The IMPORTANT signal word calls attention to a note that provides important
information, or information essential to the completion of a task.

| NOTE |

The NOTE signal word calls attention to an operating procedure, practice, or the like,
which requires special attention. A note also denotes related parenthetical
information that is useful, but not imperative.

| TIP |

The TIP signal word calls attention to a type of note that helps you apply the
techniques and procedures described in the manual to your specific needs, or
provides hints on how to effectively use the capabilities of the product.

Warranty Information

Evident guarantees your Evident product to be free from defects in materials and
workmanship for a specific period, and in accordance with conditions specified in the
Terms and Conditions available at https://www.olympus-ims.com/en/terms;.

The Evident warranty only covers equipment that has been used in a proper manner,
as described in this instruction manual, and that has not been subjected to excessive
abuse, attempted unauthorized repair, or modification.

Inspect materials thoroughly on receipt for evidence of external or internal damage
that might have occurred during shipment. Immediately notify the carrier making the
delivery of any damage, because the carrier is normally liable for damage during
shipment. Retain packing materials, waybills, and other shipping documentation
needed in order to file a damage claim. After notifying the carrier, contact Evident for
assistance with the damage claim and equipment replacement, if necessary.

Important Information — Please Read Before Use 11
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This instruction manual explains the proper operation of your Evident product. The
information contained herein is intended solely as a teaching aid, and shall not be
used in any particular application without independent testing and/or verification by
the operator or the supervisor. Such independent verification of procedures becomes
increasingly important as the criticality of the application increases. For this reason,
Evident makes no warranty, expressed or implied, that the techniques, examples, or
procedures described herein are consistent with industry standards, nor that they
meet the requirements of any particular application.

Evident reserves the right to modify any product without incurring the responsibility
for modifying previously manufactured products.

Technical Support

Evident is firmly committed to providing the highest level of customer service and
product support. If you experience any difficulties when using our product, or if it
fails to operate as described in the documentation, first consult the user’s manual, and
then, if you are still in need of assistance, contact our After-Sales Service. To locate the
nearest service center, visit the Service Centers page on the Evident Scientific Web site.

12
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1. Introduction

This document describes the user interface and the various features of the Advanced
Calculator. You can use this tool to generate and visualize ultrasonic beams with
various types of conventional (UT) probes, phased array (PA) probes, and wedges.
The Advanced Calculator saves the individual element delays in a text file formats.
You can import these files in TomoView for use with the supported acquisition units.
You can also directly import the .law files in the OmniScan portable phased array
system.

You can use the Advanced Calculator as a standalone software or launch it from
TomoView.

This document also provides guidelines on how to use the Advanced Calculator to
generate ultrasonic beams for various typical phased array probe configurations.

1.1  About the Advanced Calculator User Interface

The Advanced Calculator user interface includes a menu bar and a selection of tabs at
the top of the screen (see Figure 1-1 on page 13). The menu bar is simple. It provides
file related and help related commands. The first five tabs regroup parameters related
to a specific type of probe. The last three tabs present graphically rendered illustration
and probe element information.

Advanced Calculator 2.9 - Default EI =1 @
File Help

UT Probe | 1-D Linear ana'y| 1-D Circular ama | 1-0 Annular ana'y| 2-D Matrix Aray ‘ Beam display info. | Elements Info ‘ AFiSIMO |

Figure 1-1 The menu bar and the available tabs

Introduction 13
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A button bar is available at the bottom of the Advanced Calculator window (see
Figure 1-2 on page 14).

To exit the program

(equivalent of File > Exit) To build illustrations Progress bar
[ Load. |[ savess. |[ concal | D ;|

|
L To save data in .xcal, .pac, or .law files (equivalent of File > Load)

To load data from .xcal or .cal files (equivalent of File > Load)

Figure 1-2 The button bar

| NOTE |
The presence of some Advanced Calculator user interface elements depends on
whether you launched the Advanced Calculator from TomoView or as a standalone

software.

1.2  About the Menu Bar

The Advanced Calculator menu bar contains two menus: File and Help.

121  File Menu Commands
The File menu contains the following commands:

Load
Used to open the Open dialog box in which you can select a calculator setup file
to load (.cal or .xcal format).

Save As
Used to open the Save As dialog box in which you can select the name, location,
and format (.xcal, .pac, or .law) of the file to which you save the calculator data.
This creates one .law file for each group. The file contains delays to be applied for

all ultrasonic beams.

14 Chapter 1
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Export elementary law

This command includes a submenu with two items (Delay and No Delay). Both
submenu commands are used to open the Save As dialog box in which you can
select the name and location of a .law file in which to save ultrasonic beam data,
respectively, with or without the delay data. This creates one .law file for each
ultrasonic beam in the current group. Each .law file contains one beam per
element used in the aperture.

Run AFiSiMO Batch

Used to open a Browse dialog box in which you can select a folder containing one
or more calculator setup files (.xcal format). The Advanced Calculator then
performs the AFiSiMO simulations for all configurations stored in the .xcal files in
the selected folder. The generated simulation data is saved in the .xcal files.

Preferences

Used to open the Preferences dialog box in which you can select the
measurement units (Metric or US Cust.) used in the Advanced Calculator user
interface.

Exit

Used to terminate the execution of the Advanced Calculator program.

1.2.2  Help Menu Commands

The Help menu contains the following commands:

Advanced Calculator Help
Used to open the Advanced Calculator online help.

About Advanced Calculator

Used to open the About Advanced Calculator dialog box that contains the
Advanced Calculator version, option, and copyright information.

Introduction 15
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1.3  About the Supported File Formats

The Advanced Calculator can open and save data using the file formats described in
Table 1 on page 16 and open the legacy file formats described in Table 2 on page 16.

Table 1 File formats supported by the Advanced Calculator

Calculator setup xcal | Extended Advanced Calculator setup file
Calculator setup Jaw Calculated ultrasonic beam parameters also
readable by the OmniScan.
Refer to Appendix C on page 147 for details.
Calculator setup .pac Calculated ultrasonic beam parameters.

Refer to Appendix D on page 157 for details.

Table 2 Legacy file format supported by the Advanced Calculator

Calculator setup

.cal

Advanced Calculator setup file

16 Chapter 1
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2. Phased Array Technique

This section describes the main concepts of a phased array inspection and the phased
array data views.

Phased array technology allows the generation of an ultrasonic beam with the
possibility of modifying the ultrasonic beam parameters such as angle, focal distance,
and focal spot size with software. Furthermore, this ultrasonic beam can be
multiplexed over a large array, thus creating a movement of the ultrasonic beam along
the array. These capabilities open a series of new possibilities. For example, it is
possible to quickly vary the angle of the ultrasonic beam to scan a part or weld
without moving the probe itself. Phased array capabilities also allow the replacement
of multiple probes, and mechanical scanning devices. Inspecting a part or weld with a
variable-angle ultrasonic beam also improves detection, regardless of the defect
orientation, while optimizing signal-to-noise ratio.

21  Physical Principles

To generate an ultrasonic beam, the various probe elements are pulsed at slightly
different times. By precisely controlling the delays between the probe elements,
ultrasonic beams of various angles, focal distances, and focal spot sizes can be
produced. As shown in Figure 2-1 on page 18, the echo from the desired focal point
hits the various transducer elements with a computable time shift. The echo signals
received at each transducer element are time-shifted before being summed together.
The resulting sum is an A-scan that emphasizes the response from the desired focal
point and attenuates various other echoes from other points in the material.

Phased Array Technique 17
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Emitting Pulses Incident wave front
Trig. I

Acquisiion Unit | | Phased Array |-I'L
Unit L= =

—— >

Probes

Flaw

YvVy
]

Receiving Reflected wave front

Echo swgﬁl\s

‘ Fl
Acquisition Unit AA/V— Phased Array |« == [T < aw

N Unit =] T *
<1

Figure 2-1 Emitting and receiving in a phased array system

A phased array probe is typically a one- or two-dimensional array of small transducer
elements. To control the ultrasonic beam characteristics, the excitation pulse is applied
at different times to the various elements of the probe.

The phased array probe is composed of multiple elements that allow ultrasonic beam
angle control (see section 2.1.1 on page 18) and ultrasonic beam focus control (see
section 2.1.2 on page 20).

211  Beam Angle Control

Beam angle control involves the production of a wave front. As shown in Figure 2-2
on page 19, simultaneous firing of all elements of a linear multielement probe
produces a series arc circle waves, one from each transducer element. As all wave
fronts are at the same distance from their respective emitter, the resulting wave front,
or envelope, is parallel to the transducer plane. This, in fact, is very similar to pulsing
a single element transducer of the same size.

18 Chapter 2
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Delay

Transducer Array

Wave Front =S

Figure 2-2 Ultrasonic wave front of a linear array

The phased array unit allows the pulsing of the various elements in a sequential
manner with a small and precisely controlled time delay between each element.
Sequential firing of the various transducer elements produces a series of arc circle
waves. The resulting envelope is a wave front, which is no longer parallel to the
transducer surface but propagates at an angle (see Figure 2-3 on page 19). It is
possible to adjust the pulse delays to produce any desired wave-front angle.

Delay

Transducer Array

Wave Front

Figure 2-3 Ultrasonic beam angle control of a linear array

Phased Array Technique 19
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21.2 Beam Focus Control

When generating a focused beam, the delays are adjusted so that all individual wave
fronts stay in phase along the path leading to the desired focal point, while canceling
each other out at all other points. By accurately controlling the pulse delays, it is
possible to focus the beam at a desired point (see Figure 2-4 on page 20).

Delay

Transducer Array

S

><

Focal Point

Figure 2-4 Ultrasonic beam focusing of a linear array

For beam angle control and beam focus control, signals received by every element are
time-synchronized by the phased array system prior to summing the various
responses.

2.2 Phased Array Applications

The ultrasonic beam generated by a phased array probe is treated as an ordinary
ultrasonic beam by the TomoView ultrasonic visualization and analysis software, and
as such can be used to generate all the regular data views (A-scan views, B-scan
views, volumetric views, etc.).

Phased array also offers the possibility of performing inspections with various angles
and focal lengths. It provides hardware and software tools for different application

types.

20 Chapter 2
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The application types that you can select in the Advanced Calculator dialog box are:

® Sectorial scanning
* Depth scanning

* Linear electronic scanning

2.21  Sectorial and Depth Scanning

The sectorial scanning of the phased array signal is obtained by applying several
beams in sequence at each X-Y coordinate of the inspected area.

For a particular X-Y position of the inspection sequence, an array of elements is used
to deflect the ultrasound beam without moving the probe. The scanning can be done
along a horizontal axis (see Figure 2-5 on page 21), at different depths in the material
(see Figure 2-6 on page 22), or for a combination of these two modes.

X Movement

Y MoveV

Beams: F1 F2 F3 F4 F5

\/

Figure 2-5 Sectorial scanning of X-axis using phased array deflection

Phased Array Technique 21
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X Movement
|
Y MovemV
=

e/ F1
F2
F3
F4

Beams

Figure 2-6 Scanning at different depths

For certain applications, a conventional UT inspection would require a number of
different transducers. A single phased array probe can be made to sequentially
produce the various angles and focal points required by the application (see
Figure 2-7 on page 22).

Delay

Transducer Array

i

Focal Point

-

Figure 2-7 Ultrasonic beam angle control and focusing of a linear array
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2.2.2  Linear Electronic Scanning

For large phased array probes containing a high number of elements, the phased
array unit can apply the same beam to different sets of elements. By moving the beam
along a transducer array, the scanning of an inspection axis is realized electronically
without any need for physical displacement of the transducer (see Figure 2-8 on
page 23).

Active Group
16

Scanning Direction

Figure 2-8 Electronic scanning along an axis

In Figure 2-8 on page 23, a focused beam is created using a few of the many
transducer elements of a long phased array probe. The beam is then shifted (or
multiplexed) to the other elements to perform a high-speed scan of the part with no
transducer movement along scanning axis. More than one scan can be performed
with various inspection angles.

Phased Array Technique 23
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3. The UT Probe Tab

The UT Probe tab provides parameters to define a single-element conventional probe
and the wedge used to perform acoustic field simulation in the AFiSiMO tab.

| NOTE |

The UT Probe tab is enabled only when you start the Advanced Calculator as a
standalone software.

The UT Probe Tab 25
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The UT Probe tab is divided into nine areas (see Figure 3-1 on page 26). A few areas
are not applicable to this tab and are therefore empty or disabled. A description of the

applicable areas follows.

UT Probe |

Aequisition Unit Probe {mm)

[Focus / TomolllPA 32/128 - u o

Beam Angles Selection (Deg.) A4D1S-SB -
Frobe scan offset: o000 =2
Probe index offset: ooo0 =
Probe skew angle: 0.0 =

48, Probe frequency: 1.00 = [MHz
L :

Length / Diameter: 12700 =
Width: 25400 =

Focal Points Selection {mm) [ Crcuar probe

Focus selection is not available with a UT probe.
Part {mm)
Tie: Tdoess: 50000

Material
Defautt -
Sound velocity: {m/s)
@ Longtudingl: 59200 = Density: =
() Tranverse 32300 = Attenuation: 00 = dB/m
Bemerts Selection Wedge (mm)
Blements selection is not available with a UT probe. Al -
T1-451 | -
Type:
Wedge angle: 170 = |deg
Connection Sound velocity: 23300 =imfe
= Height at the middle of the first element: 5.862 =
Fulser: 1 = >
8 ] = Primary axis offset at the middle of the first element 2748 =
Receiver: =
Secondary ads offset at the middle of the first element: 15.875 :
[T Keep curent gales and TCG Primary axis position at wedge reference: ooop =
Secondary axis position at wedge reference: 0.000 =
Wedge length 205840 =
Wedge width: N7B0 =

Figure 3-1 The 1-D Linear array tab

26 Chapter 3
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3.1 Acquisition Unit Area

Acquisition Unit
[FocusLT / OmniScan-PA 32/128 -]

Focus / TomolllIPA 327128
FocusLT / OmniScan-PA 16/128
FocusLT / OmniScan-PA 32/128
FocusLT / OmniScan-PA 64/128
FocusLT / OmniScan-PA 16/16
FocusLT / OmniScan-PA 32/32
FocuslLT / OmniScan-PA 6464

Figure 3-2 The Acquisition Unit area

The Acquisition Unit area (Figure 3-2 on page 27) contains only one drop-down
combo box used to select the type of acquisition unit for which you want to create
beams. The drop-down combo box is available only when no acquisition unit is
connected to the computer. The acquisition unit is automatically detected when it
communicates with the computer.

3.2 Connection Area

Connection
=
Pulser: 1 =
Receiver: 1 =

Figure 3-3 The Connection area

The Connection area (see Figure 3-3 on page 27) contains the following elements:
Pulser and Receiver
When using only one probe, always set the value of these parameters to 1.

Use these parameters when connecting two UT probes for measurement in a
symmetric configuration.

The UT Probe Tab

27
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3.3 Probe Area

Probe {mm)

Al -

A4D1S-SB - 2B @
Probe scan offset: 0.000 =
Probe index offset: 0.000 =
Probe skew angle: 0.0 =
Probe frequency: 1.00 = MHz
Length / Diameter: 12700 =
Width: 25400 =

Circular probe

Figure 3-4 The Probe area

The Probe area contains the following (see Figure 3-4 on page 28):

Probe database

The drop-down combo box allows you to select a probe from the probe database.

Load from database button

Allows you to load a probe configuration from the probe database.

Save in database button

Allows you to save the active probe configuration in the probe database.

\i/ Delete from database button

Allows you to delete a probe configuration from the probe database.

Probe scan offset

Defines the distance between the center of the element and the scan-axis origin.

28 Chapter 3
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Probe index offset

Defines the distance between the front of the wedge and the index-axis origin.

Probe skew angle
For angle beam probes, defines the skew angle of the probe. The Probe skew

angle is defined as the angle between the projected beam angle and the scan-axis.

It can have values between 0° and 360°, and is positive when turning from the
positive scan-axis towards the positive index- axis.

Probe frequency
Defines the probe frequency.

Length / Diameter

Defines the length or diameter of the element.

Width
Defines the width of a rectangular element.

Circular probe

Select when the probe element is circular.
3.4 PartArea

Part {mm)
Type: | Flate = |  Thickness: 50.000

ry

Figure 3-5 The Part area for flat part

The Part area (see Figure 3-5 on page 29) contains the following:
Type
Defines the part type supported by the Advanced Calculator:
Plate: flat part.
Pipe OD: cylindrical part inspected from the outside diameter.

Pipe ID: cylindrical part inspected from the inside diameter.

The UT Probe Tab
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Thickness (mm)
Defines the thickness of the part to be displayed on the Beam Display Info. tab.

Radius (mm)

Defines the radius of the cylindrical part. For a Pipe OD part, this value
represents the outer radius (inner radius + thickness). For Pipe ID part, the radius
represents the inner radius.

3.5 Material Area

Material

r’
STEEL, MILD . - EEI

Sound velocity: {m/s)
@ Longtudinal:  3890.0

[I

Density: /-8 g/cm?

Allm|]f4f>

Tranverse: 3240.0 Attenuation: 0.0 dB/m

Figure 3-6 The Material area for flat part

Material database
Allows the use of the Material database:

Load from database button
Allows you to load a material configuration from the material database.

Save in database button
Allows you to save the active material configuration in the material database.

\i/ Delete from database button
Allows you to delete a material configuration from the material database.

Sound velocity area
Defines the sound velocities in the material to be inspected for the available wave
types (Longitudinal [compression] or Transverse [shear]) waves (m/s).

Density
Defines the density of the selected material.
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Attenuation

Used to set the ultrasonic attenuation for the selected material. Note that
attenuation is frequency dependent.

3.6 Wedge Area

Wedge {mm})
Al -
o[£

ST1-450 - 28||& E?(
Type: Flat
Wedge angle: 170 = deg.
Sound velocity: 23300 = m/s
Height at the middle of the first element: h.862
Primary s offset at the middle of the first element: 27148

Secondary axis offset at the middle of the first element:  15.875

R LTI LR L TR

Primary axis position at wedge reference: 0.000
Secondary axis position at wedage reference: 0.000
Wedge length: 20.540
‘Wedge width: 31.750

Figure 3-7 The Wedge area

The Wedge area (see Figure 3-7 on page 31) contains the following:

Wedge database
Allows the use of the Wedge database:

28 Load from database button

Allows you to load a wedge configuration from the wedge database.

-
£%] Save in database button
Allows you to save the active wedge configuration in the wedge database.

The UT Probe Tab 31



DMTA-20039-01EN [U8778541], Rev. B, September 2022

\i/ Delete from database button
Allows you to delete a wedge configuration from the wedge database.

Wedge angle

Defines the wedge angle in degrees. The Wedge angle is the angle between the
element surface (when it is fixed on the wedge) and the surface of the part (or the
tangential plane to the surface of the part in the case of a cylindrical geometry). It
is obtained by a rotation around the secondary axis of the probe, and can have
values between 0° and 89.9°.

Sound velocity

Defines the sound velocity in the wedge.

Height at the middle of the first element
Defines the height of the middle of the element, relative to the material surface.
For cylindrical part, the height is measured relative to the flat surface obtained by
drawing a line between the contact points of the wedge, and is always positive.
Primary axis offset of the middle of the first element

Defines the offset of the middle of the element along the primary axis, relative to
the back of the wedge. The offset is always measured along a straight line, and
normally has positive values.

Secondary axis offset of the middle of the first element
Defines the offset of the middle of the element along the secondary axis, relative
to the left side of the wedge. The offset is always measured along a straight line,
and normally has positive values.

Primary axis position of wedge reference
Defines the primary axis position of the wedge reference relative to the
mechanical reference. The offset is always measured along the part surface and is
positive along the positive scan-axis direction.

Secondary axis position of wedge reference

Defines the secondary axis position of the wedge reference relative to the
mechanical reference. The offset is always measured along the part surface and is
positive along the positive index-axis direction.

Wedge length
The Wedge length is defined as the actual length of the wedge.

For a cylindrical part with a curvature along primary axis, the wedge length
represents the distance between the contact points of the wedge.
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Wedge width
The Wedge width is defined as the actual width of the wedge.

For a cylindrical part with a curvature along secondary axis, the wedge width
represents the distance between the contact points of the wedge.
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4. The 1-D Linear Arrays Tab

This section presents the 1-D linear arrays and describes the 1-D Linear array tab.
41  Generic Conventions

You should consider generic conventions regarding probe, wedge, and part geometry
to generate beams for 1-D linear arrays in the most efficient and accurate way. Generic
conventions exist on aspects such as orientations and positive directions of axes,
reference points and signs of offsets, and definition and signs of angles.

411 Probe Conventions
Axis definition

The axis convention for a 1-D Linear array as described in section 4.2 on page 52 (see
Probe area), is illustrated in Figure 4-1 on page 36.
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Secondary axis

3| f{es] iy fmfivjRofjeR2|R3|[ev|RS |||/ 28|29 30 |@ 1|[32

Ll
Primary
axis

Secondary axis width

AEEnne.

I
Primary axis pitch v

Figure 4-1 Probe axis definition

Refracted angle

The refracted angle of the ultrasound beam is defined as the angle between the central
ray of the ultrasound beam in the material and the normal on the surface at the
entrance point of the central ray (see Figure 4-2 on page 36 and Figure 4-3 on page 37).
The refracted angle can have values between —89.9° and 89.9°.

Refracted angle

Figure 4-2 Refracted angle on flat part
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C-Side (B)

|

e

)

Refracted angle

10

Figure 4-3 Refracted angle on pipe part

Skew angle

The total skew angle is the sum of two components: the beam skew angle (for definition,
see section 4.2.3 on page 54) and the probe skew angle (for definition, see section 4.2.7
on page 63). In both cases, the TomoView conventions are used. The skew angle can
have values between 0° and 359.9°.

Beam skew angle

Since the 1-D linear array as no skewing capability, only a beam skew angle different
from 0° can be obtained when using a wedge with a roof angle.

The beam skew angle is defined as the angle between the ultrasound beam (central ray)
projection on the scanning surface and the primary axis of the array. The beam skew
angle can have values between -179.9° and 179.9°, and it has a positive value when
turning from the positive primary axis towards the positive secondary axis.

An example of a beam skew angle going from 70° to 110° with a resolution of 10° is
illustrated in Figure 4-4 on page 38.
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2 100° 70°

) 80°
90°

Figure 4-4 Example of a beam skew angle

Probe skew angle

The probe skew angle is defined as the angle between the primary axis of the probe and
the scan-axis. It can have values between 0° and 360°, and is positive when turning

from the positive scan-axis towards the positive index-axis.

Examples of different probe skew angles, between 0° to 135°, are illustrated in
Figure 4-5 on page 39 to Figure 4-8 on page 40.
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WC-Top (2]
= Probe skew angle = 0°

Primary
axis

Figure 4-5 Example of a probe skew angle equal to 0°

WC-Tap (2

Probe skew angle = 45° 112,

Primary axis

Figure 4-6 Example of a probe skew angle equal to 45°
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WiC-Top (2] Probe skew angle = 90°

Primary axis

40mm 30

Figure 4-7 Example of a probe skew angle equal to 90°

WiC-Top (C)
Probe skew angle = 135°

S0mm

Figure 4-8 Example of a probe skew angle equal to 135°
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Total skew angle

The combination of a probe skew angle of 90° and a beam skew angle of 15°, resulting
in a total skew angle of 152.51°, is illustrated in Figure 4-9 on page 41.

robe | 1-D Linear amay | 1-D Circular amay | 1-D Annular amay | 2-D Matrix eam display irfo. | Blements info. SiMO |
UT Prabe | 1-D L 1D | 1-D Annul 2-D Matrix Amay  Beam display info. | El Info. | ARSIMO

VC-Top (€) VC-End (D)
- Probe skew angle = 90° -

= L

g Primary axis ‘:E’

VC-Side (B) 3-D Visualization
P
. » -
‘,: Beam skew angle = 15° S
-IIL Skew angle = 152.51°

Currentbeam.l[.ﬂzimulhal PS. 15.00 v]I [Aop view | [ o H End View ]

@) Displaylaws () Display law formation
Beam Information Angle Information Color
Bt point  Focal point Refr. Angle: 51.24 deg [¥] Solid wedge N v
Sean: 3779mm - -17.46mm Skew angle: 152.51deg Display probe [¥] Soid probe - Wedge
Index:  -4.75mm 2400 mm Steering angles: Display part Display focal point locus Fart
Primany: 15.00 deg [ Display element numbers Digplay focal point - Element
USound: -0.00 mm 50.00 mm
Secondary: 0.00 deg Display rebound path || Display weld certer - Beam
Near-Field Information
Primary aperture neardield depth: 40.6 mm
Secondary aperture nearfield depth: 4 4mm

Figure 4-9 Total skew angle
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41.2 Wedge Conventions

In the Advanced Calculator, the different rotations, which define the wedge, roof, and
squint angles are performed in such a way that they are independent. This is
mathematically possible because the rotations are performed around adequate axes
(not necessarily Scan, Index, and Usound). Consequently, the chronology of the
rotations is not important. The value specified for each angle will be correctly applied.

Wedge angle

The wedge angle is the angle between the primary axis of the probe (when it is fixed on
the wedge) and the surface of the component (or the tangential plane to the surface of
the component in the case of a cylindrical geometry). It is obtained by a rotation
around the secondary axis of the probe, and can have values between 0° and 89.9°.

Figure 4-10 on page 42 gives an example of a wedge with a wedge angle and no roof
angle.

VC-Side (B)
&

Primary axis

Secondary
axis Wedge angle > 0

Figure 4-10 Wedge angle definition
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Roof angle

The roof angle is the rotation angle around the primary axis of the probe, and can have
values between —89.9° and 89.9°. For a probe skew of 0°, a positive roof angle will
generate beams with total skew angles between 0° and 180°.

Figure 4-11 on page 43 gives an example of a wedge with a positive roof angle and no
wedge angle.

VC-Side (B)
&

Secondary axis

Primary
axis Roof angle > 0

Figure 4-11 Roof angle definition

For pitch-and-catch configurations, the probe separation and the squint angle
parameters must be appropriately set.
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Probe separation

The probe separation defines the spacing (center-to-center distance) between the first
element of the transmitters array and the first element of the receivers array (see
Figure 4-12 on page 44).

Figure 4-12 Probe separation

Squint angle

The squint angle is defined as half the angle between the primary axes of transmitter
and receiver arrays. A symmetrical rotation is automatically applied to the receiving
array. The squint angle can have values between -89.9° and 89.9°, and a positive
squint angle means that the primary axes of the arrays cross in front of the arrays (see
Figure 4-13 on page 45).
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Figure 4-13 Squint angle definition

Position of the probe relative to the wedge

In the Wedge area of the Advanced Calculator, the values for the Primary axis
position of wedge reference (mm) and Secondary axis position of wedge reference
(mm) parameters are adjusted so that the probe is correctly positioned relative to the
wedge. In the example shown in Figure 4-14 on page 46, the front of the wedge is at
zero on the index-axis and the center of the wedge is at zero on the scan-axis.

| IMPORTANT |

For standard flat wedges, in the Wedge area of the Advanced Calculator, do not
change the values of the Primary axis position of wedge reference and the Secondary
axis position of wedge reference parameters (see section 4.2.10 on page 68)
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VC-Top (C)

Figure 4-14 Wedge reference positions

41.3 Conventions Related to the Part

In order to increase the flexibility with regards to selection of reference points, the
Advanced Calculator considers two different reference points:

*  The wedge reference point is the intrinsic reference point used by the calculator and
is always located at the rear-left corner of the wedge. The probe is then positioned
with regards to the wedge reference by specifying the Primary axis offset of the
middle of the first element parameter and the Secondary axis offset of the
middle of the first element parameter (for definition, see section 4.2.10 on
page 68).

®  The mechanical reference point is an arbitrary reference point that can be used by the
operator to define the position of the intrinsic wedge reference relative to an
alternative wedge reference (for example, the front of the wedge) or a reference
point on a scanning mechanism. The wedge reference is positioned with regards
to the mechanical reference by specifying the Primary axis position of wedge
reference parameter or the Secondary axis position of wedge reference
parameter (for definition, see section 4.2.10 on page 68). In the visualization of the
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considered configurations on the Beam Display Info. tab, the mechanical reference
is always positioned at the origin.

*  When using Primary axis position of wedge reference and/or Secondary axis
position of wedge reference values different from zero, the Advanced Calculator
takes these values into account for the scan and/or index offset values in the Beam
Information area of the Beam Display Info. tab.

Examples for flat and cylindrical parts are illustrated in Figure 4-15 on page 48,
Figure 4-16 on page 49, and Figure 4-17 on page 50.

Flat part

| IMPORTANT |

For standard probes and wedges, to correctly position the wedge and the probe
relative to the part, enter proper values in the Probe scan offset (mm) and Probe
index offset (mm) parameters in the Probe area of the Advanced Calculator (see
section 4.2.7 on page 63).

For custom wedges, refer to Figure 4-15 on page 48 to understand the physical
meaning of the various Advanced Calculator parameters.
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0.0
Primary axis position of wedge
reference > 0 o Wedge reference

Sfec;\on?ary ?xis off-s;et0 of the middle A Secondary axis
of the first element position of wedge

gL e <o

e |
Primary axis offset of the middle of the first
element >0

Mechanical reference

Height at the middle of the first element

Figure 4-15 Flat part: offset definition
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Cylindrical part

WC-Top (C)
n

0

Primary axis position of wedge
reference > 0

1
+—>»

0.0

Height at the middle of
the first element

=70

100

et o

150

Secondary axis offset of the middle of
the first element > 0

I\l
\

"Primary axis offset of the middle of the first element > 0

2 % axis off —

|
,element (measured along a straig

___— \Wedge reference

Secondary axis
position of wedge
| B reference < 0

200

250

TDistance between contact points (wedge length)

Figure 4-16 Pipe OD with a curvature along the primary axis: offset definition
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VC-Tap (C)
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1
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g element>0
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2 0.0
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" _
1 Primary axis offset of the n
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I along a straight line)

2 1

" Distance between contact points (wedge
length)

Figure 4-17 Pipe ID with a curvature along the primary axis: offset definition

For cylindrical parts (Pipe OD or Pipe ID), it is important to notice that the wedge is,
by definition, considered as centered on the center of the pipe.
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Similar conventions apply to a Pipe OD and Pipe ID with a curvature along secondary
axis, with a difference that the Distance between contact points represents the wedge
width.

The 1-D Linear Arrays Tab 51



DMTA-20039-01EN [U8778541], Rev. B, September 2022

4.2

The 1-D Linear array tab is divided into ten areas (see Figure 4-18 on page 52).

1-D Linear Array Tab Description

1-D Linear amay |
Acquisition Unit Scan Type
ocusLT / OmniScan-PA32/128 [N.imuthal -
Beam Angles Selection {Deg )
- Start - - Stop - - Resolution -
() Primary steering angle 24 6 2| |-16.0 | |028 :
1.00
© Refracted angle: 00 =] e0 = w0 E
1.00
Focal Points Selection {mm)
Focusing type: [True Depth ,] [ oDF
- Offset - - Depth -
Focal plane position: 0.000 = (0.000
Start - - Stop - - Resolution -
Emission focus position: 50000 = |50.000 = (10.000 =
Reception focus position 50.000 50.000
Elements Selection
- Start - - Stop - - Resolution -
Pulser: 1 21 (10 1 :
Receiver: 1
Primary axis aperture: 16 =
Connection
Pulser: 1 =
Receiver: 1 =

Probe {mm)
Angle Beam -
BLE4-AZ -
Frobe scan offset: 0.000
Probe index offsst: 0.000
Frobe skew angle: 0.0
Probe frequency: 5.00
Mumber of elements on primary ads: 64
Primary axs pitch: 0.600
Secondary axs width: 10.000
[ Pitch and catch Probe separstion: | 000
[] Reverse prmary axdis SRR
Part {mm)
Type: Thickness: 50.000

Material
STEEL. MILD -
Sound velocity: {m/s)
@ Longtudinal:  5850.0 = Densty: 7.8
() Tranverse 32400 = Attenuation: 0.0
Wedge (mm)
5AZ (5L64) -
SAZ-NE5S-HC dual 5LE4 -
Foatprint:
Wedge angle: 360
Roof angle: 0.0
Sound velocity: 23300
Height at the middle of the first element: 11.020
Primary anis offset at the middle of the first elemert 11.730
Secondary ads offset at the middle of the first element: ~ 20.000
Primary axis position at wedge reference: -68.530
Secondary axis position at wedge reference: -20.000
Wedge length 68.530
40.000

Wedge width:

deg
MHz

~|deg

[ 4[4[

4 o ] o ]

Figure 4-18 The 1-D Linear array tab
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421  Acquisition Unit Area

Acquisition Unit
[FocusLT / OmniScan-PA 32/128 -]

Focus / TomolllIPA 327128
FocusLT / OmniScan-PA 16/128
FocusLT / OmniScan-PA 64/128
FocusLT / OmniScan-PA 16/16
FocusLT / OmniScan-PA 32/32
FocuslLT / OmniScan-PA 6464

Figure 4-19 The Acquisition Unit area

The Acquisition Unit area (Figure 4-19 on page 53) contains only one drop-down
combo box used to select the type of acquisition unit for which you want to create
beams. The beam calculation uses a slightly different compensation gain for each
acquisition unit type. The drop-down combo box is available only when no
acquisition unit is connected to the computer. The acquisition unit is automatically
detected when it communicates with the computer.

4.2.2 Scan Type Area

Scan Type
| Azimuthal -

Figure 4-20 The Scan area

The Scan Type area (Figure 4-20 on page 53) contains the following:

Type
Selects the type of beams to be generated:
® Sectorial: the refracted or inspection angle varies (see section 2.2.1 on page 21
and section 4.5 on page 78).

¢ Linear: the primary aperture travels along the array (see section 2.2.2 on
page 23 and section 4.6 on page 90).

* Depth: the focusing depth of the ultrasound beam varies (see section 2.2.1 on
page 21 and section 4.4 on page 75).
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* Static: the refracted angle, the focusing depth, and the primary aperture are
fixed values (generates a single beam) [see section 4.3 on page 71].

4.2.3 Beam Angles Selection Area

Beam Angles Selection (Deg.)
- Start - - Stop - - Resolution -
Primary steering angle: 246 =| |-16.0 = (D28 2

@ Refracted angle: 30.0 = 600 =1 1.00 =

| Process Angles

Figure 4-21 The Beam angles selection area

The Beam Angles Selection area (see Figure 4-21 on page 54) contains the following;:

Primary steering angle (deg)
Is the angle between the central ray of the beam generated at the probe surface
and the normal on the wedge surface in contact with the probe. It is generated by
electronic steering of the array probe and determines the resulting incident angle
(o) in the wedge, used to calculate the refracted angle of the ultrasound beam to
be generated according to Sell’s law (see Figure 4-22 on page 55). The Primary
steering angle can have values between —89.9° and 89.9°, and a “0” value
generates the nominal angle defined by the wedge parameters.

For Sectorial beams: the three Primary steering angle spin boxes are used to set
the first and last primary steering angles, and the angular primary steering angle
resolution between two consecutive beams.

For Linear, Depth, and Static beams: only the Start box can be modified to set the
primary steering angle of the ultrasound beam to be used to generate the beams.

Not applicable for pitch-and-catch configurations.

Secondary steering angle (deg)
Not applicable for a 1-D linear array.
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Refracted angle (deg)

Defines the refracted angle of the ultrasound beam to be generated. The refracted
angle of the ultrasound beam is defined as the angle between the central ray of the
ultrasound beam in the material and the normal on the incidence plane. The
refracted angle (B) is calculated using the probe incidence angle (o), sound
velocity in the wedge, and sound velocity in the material according to Snell’s law
(see Figure 4-22 on page 55).

sinol Sound velocity in wedge

sinfB  Sound velocity in material

Figure 4-22 Refracted angle

The refracted angle can have values between —89.9° and 89.9°.

For Sectorial beams: the three Refracted angle spin boxes are used to set the first
and last refracted angles, and the angular refracted angle resolution between two
consecutive beams.

For Linear, Depth, and Static beams: only the Start box can be modified to select
the refracted angle of the ultrasound beam to be generated by the beams.

Beam skew angle (deg)

Defines the skew angle of the ultrasound beam to be generated. This skew angle
is defined as the angle between the ultrasound beam (central ray) projection on
the scanning surface and the primary axis of the array. The Beam skew angle can
have values between -179.9° and 179.9°, and, has a positive value when turning
from the positive primary axis towards the positive secondary axis. The Beam
skew angle value does not take into account the probe skew angle described in
the Probe area (see Figure 4-4 on page 38).
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For Sectorial beams: the three Beam skew angle spin boxes are used to set the
first and last skew angles, and the angular beam skew angle resolution between
two consecutive beams.

For Linear, Depth, and Static beams: only the Start box can be modified to set the
beam skew angle of the ultrasound beam to be generated by the beams.

Not applicable for pitch-and-catch configurations.

Process angles button

Calculates the values of the primary steering angle, refracted angle, and/or beam
skew angle associated with the beam angle selection.

4.2.4 Focal Points Selection Area

Focal Points Selection {mm)
Focusing type: |Tn.|e Depth - DDF

- Offzet - - Depth -

Focal plane position:

- Start - - Stop - - Resolution -
Emission focus position: 50000 = (50000 = |10.000 =

Reception focus postion: 50.000 = |50.000

Figure 4-23 The Focal points selection area

The Focal Points Selection area (see Figure 4-23 on page 56) contains the following:

Focusing type
Selects the type of focusing of the beams to be generated:
* True depth: all beams are focused at a constant true-depth value (see

Figure 4-24 on page 58). For cylindrical part, the true-depth value is defined
as the depth in the cylindrical geometry.

¢ Half path: all beams are focused at a constant half-path (distance) value (see
Figure 4-25 on page 58).
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¢ Projection: all beams are focused on a given vertical plane (see Figure 4-26 on
page 59); this option is not applicable for depth laws, for DDF (dynamic
depth focusing) laws, and for pitch-and-catch configurations.

* Focal plane: all beams are focused on a user-defined focal plane (see
Figure 4-27 on page 59); this option is not applicable for depth laws, DDF
laws, and for pitch-and-catch configurations.

* Auto: the focalization depth is automatically calculated in order to have the
transmitter and the receiver focused at the same point in space. The
focalization is thus made at the geometrical intersection of the transmitter and
the receiver central rays (see Figure 4-28 on page 60). This option is only
applicable for pitch-and-catch configurations.

DDF

When this check box is selected, the dynamic depth focusing (DDF) algorithm is

applied on the beams for the considered Reception focus position (depth or half-

path).

Not applicable for pitch-and-catch configurations.

Focal plane position
Defines the focalization plane:
* Projection: the first Offset box is used to define the position, in scan or in

index (depending on the skew angle of the probe) of the vertical focal plane
(see Figure 4-26 on page 59).

* Focal plane: the Offset and Depth boxes are used to set the two points (in
scan or index, and in depth) defining the focal plane (see Figure 4-27 on
page 59).
Emission focus position (mm)

Defines the desired focusing position (depth or half-path) of the ultrasound beam
to be generated.

For Depth beams: the three boxes are used to set the initial (Start) and final (Stop)
desired focusing position (depth or half-path) of the ultrasound beam to be
generated and the resolution.

Reception focus position (mm)
Defines the desired focusing position (depth or half-path) (applied delay) for the
received signal.

When the DDF check box is selected, both boxes are used to set the initial (Start)
and final (Stop) desired focusing position (depth or half-path) at reception.
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When the DDF check box is not selected, the Emission focus position is equal to
the Reception focus position.

VC-Side (B)

true-depth = 50 mm

T
0mm 50 100

heo " oo

Figure 4-24 True depth focalization

VC-Side (B)

8: half-path = 50 mm

Figure 4-25 Half-path focalization
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Projection = 75 mm

Figure 4-26 Projection focalization

VC-Side (B)

(75 Scan, 12 Usound)

Figure 4-27 Focal plane focalization
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VC-Top (C)

Figure 4-28 Autofocalization for pitch-and-catch configuration

4.2.5 Elements Selection Area

Elements Selection

[T mproved resolution - Start - - Stop - - Resaolution -
Pulser: 1 = 10 = 1 =
Receiver: 1 =

Primary ads aperture: 16 =

Figure 4-29 The Elements selection area

The Elements Selection area (see Figure 4-29 on page 60) contains the following:

60 Chapter 4



DMTA-20039-01EN [U8778541], Rev. B, September 2022

Improved resolution
This check box appears when Linear is selected in the Scan area and can only be
selected when the Resolution of the Pulser parameter is set to 1.

When the Improved resolution check box is selected, for each beam to be
generated with the defined Active aperture, another beam will be generated with
“Active aperture + 1” elements.

Therefore, the element step (Resolution) between two beams is reduced to
1/2 element.

Pulser

Sets the first element of the active pulser group.

For Linear beams: the three boxes define the elements that are used during the
scan.

Start

Sets the first element of the first group of active elements (aperture).

Stop
Sets the first element of the last group of active elements (aperture).

Resolution

Sets the increment (in number of elements) for linear beams.

Receiver

Sets the first element of the active receiver group.

Primary axis aperture

Sets the number of elements used simultaneously to generate beams.

4.2.6 Connection Area

Connection
Pulser: 1 =
Receiver: 65 =

Figure 4-30 The Connection area

The Connection area (see Figure 4-30 on page 61) contains the following;:
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Pulser and Receiver

When using only one probe, always set the value of these parameters to 1.

Use these parameters when connecting two phased array probes to a splitter box
(such as the OMNI-A-ADPO5 shown in Figure 4-31 on page 62) for measurement
in a symmetric configuration. In this case, you need to separately calculate the
beams for each probe using the same values for all parameters of the Advanced
Calculator except for the Pulser connection and Receiver connection parameters.
For a given probe, the Pulser connection and Receiver connection parameters
must have the same value. If you are working with 128-element probes, the value
can be between 1 and 64 for the first probe and between 65 and 128 for the second
probe (see Figure 4-31 on page 62).

| NOTE |
In the case of TOFD probes, you need to connect the pulser and receiver on different
connectors and note the element numbers used in the respective parameters.

Connection

Pulser: 1

AL (]

Receiver: 1

Connection

Pulser: 65
Receiver: 65

RILANIR LS

Figure 4-31 Example of Pulser and Receiver connection parameter configuration
for two 128-element probes connected to an OMNI-A-ADPO5 splitter box
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4.2.7 Probe Area

Probe {mm)

Angle Beam
BLB4-AZ

Probe scan offset:

Probe index offset:

Probe skew angle:

Probe frequency:

Mumber of elements on primary axds:
Primary ads pitch:

Secondany axis width:

P

[ 7] Reverse primary axs

4
03

[
&)
&)

B 0.000
B 0.000

50.0 = deq.
5.00 = MHz
B4 —
060 =
10000 =
Probe separation: .
Squint angle: “ deg.

Figure 4-32 The Probe area

The Probe area contains the following (see Figure 4-32 on page 63):

Probe database

The drop-down combo box allows you to select a probe from the probe database.

Load from database button

Allows you to load a probe configuration from the probe database.

Save in database button

Allows you to save the active probe configuration in the probe database.

@J Delete from database button

Allows you to delete a probe configuration from the probe database.

Probe scan offset

Defines the distance between the center of the first element and the scan-axis

origin. Clicking the 2| button on the same line brings the information window

shown in Figure 4-33 on page 64.
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Information =]

Figure: Probe Scan Axis Offset (red arrow) for two typical configurations with linear phased array probe (Jeft side:
probe skew is 90 deg. ; right side, probe skew is 270 deg.).

Definition for a phased array probe: Distance between the center of the first element and scan origin, it can be
positive or negative.

Figure 4-33 Definition of the probe scan offset

Probe index offset

Defines the distance between the front of the wedge and the index-axis origin.

Clicking [?| on the same line brings the information window shown in Figure 4-34
on page 65.
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Information =]

90° 270°

Figure: Probe Index Axis Offset (red arrow) for two typical configurations with linear phased array probe (Jeft side:
probe skew is 90 deg. ; right side, probe skew is 270 deg.).

Definition for a phased array probe: The distance between the front of the wedge and index origin, It can be positive
of negative.

Figure 4-34 Definition of the probe index offset

Probe skew angle

Defines the skew angle of the probe. The Probe skew angle is defined as the angle
between the primary axis of the probe and the scan-axis. It can have values
between 0° and 360°, and is positive when turning from the positive scan-axis
towards the positive index-axis (see Figure 4-8 on page 40).

Probe frequency

Defines the probe frequency.

Number of elements on primary axis
Defines the number of elements on the primary axis of the current probe (see
Figure 4-1 on page 36).

Primary axis pitch
Defines the spacing (center-to-center distance) between consecutive probe
elements on the primary axis of the probe (see Figure 4-1 on page 36).
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Secondary axis width
Defines the width of the elements (see Figure 4-1 on page 36).

Pitch and Catch

Allows the creation of a pitch-and-catch side-by-side probe configuration.

Reverse primary axis

Inverts the order of the element numbers in the calculation of the beams.

Probe separation

Defines the spacing (center-to-center distance) between the first element of the
transmitters array and the first element of the receivers array (see Figure 4-12 on
page 44). This option is only applicable for pitch-and-catch configurations.
Squint angle
Defines the squint angle of the transmitter and the receiver array. The Squint
angle is defined as half the angle between the primary axes of transmitter and
receiver arrays. A symmetrical rotation is automatically applied to the receiving
array. Squint angle can have values between —89.9° and 89.9°, and a positive

squint angle means that the primary axes of the array cross in front of the arrays
(see Figure 4-13 on page 45). Only applicable for pitch-and-catch configurations.

4.2.8 Part Area

Part (mm)
Type: |P|ETE * | Thickness: 50000 =

Figure 4-35 The Part area for flat part

The Part area (see Figure 4-35 on page 66) contains the following:
Type
Defines the part type supported by the Advanced Calculator:
Plate: flat part.
Pipe OD: cylindrical part inspected from the outside diameter.

Pipe ID: cylindrical part inspected from the inside diameter.
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Thickness (mm)
Defines the thickness of the part to be displayed on the Beam Display Info. tab.

Radius (mm)
Defines the radius of the cylindrical part. For a Pipe OD part, this value
represents the outer radius (inner radius + thickness). For Pipe ID part, the radius
represents the inner radius.

4.2.9 Material Area

Material
STEEL, MILD - |BB|EE)| X
Sound velocity: {m/s)

@ Longtudinal: ~ 5890.0 a/em?

Allm|]f4f>

Tranverse: 3240.0 Attenuation: 0.0 dB/m

Figure 4-36 The Material area for flat part

Material database
Allows the use of the Material database:

Load from database button

Allows you to load a material configuration from the material database.

Save in database button
Allows you to save the active material configuration in the material database.

\i/ Delete from database button
Allows you to delete a material configuration from the material database.
Sound velocity area

Defines the sound velocities in the material to be inspected for the available wave
types (Longitudinal [compression] or Transverse [shear]) waves (m/s).

Density
Defines the density of the selected material.
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Attenuation

Used to set the ultrasonic attenuation for the selected material.

4210 Wedge Area

Wedge (mm)

SA2 (BLe4) -

SAZ-N55S5-IHC dual 5L64 -
Foatprint: Curvature along primary axis
Wedge angle: 36.0 = deg.
Roof angle: 0.0 = deg
Sound velocity: 23300 = m/s
Height at the middle of the first element: 1020 =
Primary ads offset at the middle of the first element: nmnz =

Secondary ads offset at the middle of the first element:  20.000

Primary axis position at wedge reference: 68530 =
Secondary as position at wedge reference: 20000 =
Distance between contact points {wedge length): 62.530 =
‘Wedge width: 40000 =

Figure 4-37 The Wedge area

The Wedge area (see Figure 4-37 on page 68) contains the following:
Wedge database
Allows the use of the Wedge database:

Load from database button

Allows you to load a wedge configuration from the wedge database.

i
== Save in database button

Allows you to save the active wedge configuration in the wedge database.

Delete from database button

Allows you to delete a wedge configuration from the wedge database.
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Footprint
Defines the footprint of the wedge. For a Plate part, the footprint is set to Flat. For
a cylindrical part, the footprint has to be selected from: Curvature along primary
axis or Curvature along secondary axis.

Wedge angle
Defines the wedge angle in degrees. The Wedge angle is the angle between the
primary axis of the probe (when it is fixed on the wedge) and the surface of the
component (or the tangential plane to the surface of the component in the case of
a cylindrical geometry). It is obtained by a rotation around the secondary axis of
the probe, and can have values between 0° and 89.9° (see Figure 4-10 on page 42).

Roof angle

Defines the roof angle in degrees. The Roof angle is defined as the rotation angle
around the primary axis of the probe, and can have values between —89.9° and
89.9°. For a probe skew of 0°, a positive roof angle will generate beams with total
skew angles between 0° and 180° (see Figure 4-11 on page 43).

Sound velocity
Defines the sound velocity in the wedge.

Height at the middle of the first element

Defines the height of the middle of the first element, relative to the material
surface (see Figure 4-15 on page 48).

For cylindrical part, the height is measured relative to the flat surface obtained by
drawing a line between the contact points of the wedge, and is always positive
(see Figure 4-16 on page 49, Figure 4-17 on page 50).

Primary axis offset of the middle of the first element

Defines the offset of the middle of the first element along the primary axis,
relative to the back of the wedge (see Figure 4-15 on page 48). The offset is always
measured along a straight line, and normally has positive values.

Secondary axis offset of the middle of the first element

Defines the offset of the middle of the first element along the secondary axis,
relative to the left side of the wedge (see Figure 4-15 on page 48). The offset is
always measured along a straight line, and normally has positive values.

Primary axis position of wedge reference

Defines the primary axis position of the wedge reference relative to the
mechanical reference (see Figure 4-15 on page 48). The offset is always measured
along the part surface and is positive along the positive scan-axis direction.

The 1-D Linear Arrays Tab 69



DMTA-20039-01EN [U8778541], Rev. B, September 2022

Secondary axis position of wedge reference
Defines the secondary axis position of the wedge reference relative to the
mechanical reference (see Figure 4-15 on page 48). The offset is always measured
along the part surface and is positive along the positive index-axis direction.
Wedge length or Distance between contact points (wedge length)
The Wedge length is defined as the actual length of the wedge.
For a cylindrical part with a curvature along primary axis, the wedge length
represents the distance between the contact points of the wedge (see Figure 4-16
on page 49, Figure 4-17 on page 50).
Wedge width or Distance between contact points (wedge width)
The Wedge width is defined as the actual width of the wedge.

For a cylindrical part with a curvature along secondary axis, the wedge width
represents the distance between the contact points of the wedge.
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4.3 Creating a Static Beam

A Static beam is used to generate, with a phased array probe, an ultrasound beam
similar to the one obtained by a conventional probe. The refracted angle, the focusing
depth, and the primary aperture cannot be modified; they are fixed. A single beam is
generated.

To illustrate the use of the calculator for creating a Static beam for a 1-D linear array
probe, the following typical application is given as an example:

Example 1: single array, flat part, probe parallel to scan-axis

The following configuration is considered:

¢ Single 1-D linear array probe, with the following characteristics: nominal
frequency 5 MHz, 32 elements, pitch 1 mm, and width of the elements 10 mm

* A Rexolite wedge with the following characteristics: wedge angle 36°, no roof
angle, wedge velocity 2330 m/s, height at the middle of the first element 12 mm,
primary axis offset of the first element 9 mm

* A flat carbon steel part with a wall-thickness of 50 mm

® The probe is oriented parallel to the scanning axis (skew 0°), and the rear end of
the probe is positioned at 75 mm from the scan-axis reference (0-point).

* The probe generates a shear-wave beam in pulse-echo mode at a 60° refracted
angle, focusing at a true-depth of 30 mm; all 32 elements of the probe are used to
generate the beam.

In order to generate this Static beam, the input parameters must be set as shown in
Figure 4-38 on page 73.

Attention should be paid to the setting of the following parameters:

e Height of the middle of the first element: 12 mm, as mentioned previously.
e Primary axis offset of the first element: 9 mm, as mentioned previously.

* Secondary axis offset of the first element: 15 mm, in order to position the probe
in the middle of the wedge with a width of 30 mm

¢ Primary axis position of wedge reference: 75 mm, in order to position the rear
end of the wedge at a distance of 75 mm from the scan-axis zero reference
(mechanical reference point)
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* Secondary axis position of wedge reference: —15 mm, in order to position the
middle of the wedge at the rear end of index-axis zero reference (mechanical
reference point)

Also, note that the database has been used to save probe, wedge, and material
parameters (see section 10 on page 133).
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Advanced Calculator 29R1 - Default =] = ===
File Help

rcular amay ‘ 1-0 Annular anav“ 2-D Matrix Amay | Beam display info. | Elements Info ‘ AFiSIMO ‘

UT Probe  1-D Linear amay |

Acquisition Unit Scan Type Probe (mm})
Scan-ph 327198, - [static -] A -
Beam Angles Selection (Deg.) 5L32-A5 hd
- Start - - Stop - - Resolution -
= pro 35 = 25 = an : Probe scan offset: 0.000 =
() Primary steering angle: £ = |22 1.00 :
Probe index offset 0000 =
1.00 =
Probe skew angle 50.0 = deg
1@ Refracted angle: 60.0 = |e0.0 = |1.00 = Probe frequency: 5.00 = MHz
1.00 MNumber of elements on primary axds 3z =
Primary ads pitch: 0.600 =

Probe separation:

Focal Points Selection (mm}) [ Pitch and catch s
Focusing type: True Depth ~| [FlobF (P e Squint angle: 0.0 * deg
- Offset - - Depth - Part (mm)
Focal plane postion: 0.000 =| |0.000 = Type: | Plate ~| Thickness: 100000 2
Material
- Start - - Stop - - Resalution - STEEL. MILD -
Emission focus position 0000 = = 110000 = Sound velocity: (m/s)
— —— ) longitudinal: ~ 5850.0 % Density: 7-8 < g/em?
Reception focus position: 30.000 30.000 =
@ Tranverse: 32400 = Attenuation: 0.0 =l 4B/m
Elements Selection Wedge {mm)
- Start - - Stop - - Resalution - Al -
Pulser: 1 = |1 = : SA2-NSBS-HC dual 5LE4 -
Receiver. 1 : Footprint:
Primary ads aperture: 32 = Wedge andle 360 = ldeg
Roof angle: 0.0 = deg
Comnection Sound velocity: 23300 = m/ss
= Height at the middle of the first element 11020 =
Pulser: 1 & *
= Primary as offset at the middle of the first element n7s =
Receiver: 1 =
Secondary axis offset at the middle of the fisst element: 20,000 =
Primary axis position at wedge reference: 68530 =
Secondary axs position at wedge reference: -20000 =
Wedge length: 68530 =
Wedge width: 40000 =
tood. ][ Savess. ][ Comcd ] L

Figure 4-38 Static Beam: input parameters

Graphical and numerical information concerning the generated law can be found on
the corresponding Beam Display Info. tab (see Figure 4-39 on page 74).

The 1-D Linear Arrays Tab 73



DMTA-20039-01EN [U8778541], Rev. B, September 2022

Advanced Calculator 29R1 - Default

== =
File Help
UT Probe | 1-D Linear aray | 1-D Circular amay ‘ 1-0 Annular anay“ 2-D Matrix Amay  Beam display info | Elements Info ‘ AFiSiMO ‘
_ VC-Top (C) WC-End (D)
- - 1250
8

VC-Side {B) 3D Visualization

[ ] 126,00

Curent beam: | Static R: 60.00 '] | Top View | l Side View ] [ End View ]
() Displaylaws @) Display law fomation
Beam Information Angle Information Display Options Color
Bdt peirt  Focal point Refr. Angle: 50.00deg Display wedge [¥] Solid wedge M v
sean: 000mm — -0.0Dmm Skew angle: 9000 deg Display probe Solid probe M vedce
Index:  -36.15mm  15.80mm Steering angles Display part [T Display focal point locus Part
Frimary: 2 52 deg Display element numbers Display focal point - Element
USound: 0.00 mm 30.00 mm
Secondary: 0.00 deg [ Digplay rebound path [ Display weld center - Fess
Near-Field Information
Primary aperture neardield depth 13.9mm

Secondary aperture neardield depth: 62.0mm

Diraw

Figure 4-39 Static beam: visualization
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44  Creating Depth Beams

Depth beams are used to generate, at a fixed refracted angle and with a fixed primary
aperture, a set of ultrasound beams that focus at different depths.

To illustrate the use of the calculator for creating Depth beams for a 1-D linear array
probe, the following typical application is given as an example:

Example 1: single array, flat part, probe perpendicular to scan-axis

The following configuration is considered:

¢ Single 1-D linear array probe, with the following characteristics: nominal
frequency 5 MHz, 32 elements, pitch 1 mm, and width of the elements 10 mm

* A Rexolite wedge with the following characteristics: wedge angle 36°, no roof
angle, wedge velocity 2330 m/s, height at the middle of the first element 12 mm,
primary axis offset of the first element 9 mm

* A flat carbon steel part with a wall thickness of 100 mm

* The probe is oriented perpendicular to the scanning axis (skew 90°), and the rear
end of the probe is positioned at 75 mm from the index-axis reference (0-point).

® The probe generates shear-wave beams in pulse-echo mode at a refracted angle of
45°, focusing between a true-depth distance of 20 mm to 80 mm with a depth
resolution of 10 mm; all 32 elements of the probe are to be used to generate the
beam.

In order to generate this set of Depth beams, the input parameters must be set as
shown in Figure 4-40 on page 76.

Attention should be paid to the setting of the following parameters:

e Height of the middle of the first element: 12 mm, as mentioned previously.
e Primary axis offset of the first element: 9 mm, as mentioned previously.

* Secondary axis offset of the first element: 15 mm, in order to position the probe
in the middle of the wedge with a width of 30 mm

e Primary axis position of wedge reference: -75 mm, in order to position the rear
end of the wedge at a distance of 75 mm from the index-axis zero reference

e Secondary axis position of wedge reference: —15 mm, in order to position the
middle of the wedge at the rear end of scan-axis zero reference

Also, note that the database has been used to save probe, wedge, and material
parameters (see section 10 on page 133).

The 1-D Linear Arrays Tab 75



DMTA-20039-01EN [U8778541], Rev. B, September 2022

Advanced Calculator 29R1 - Default =] = ===
File Help
UT Probe  1-D Linear amay | r amay ‘ 1-0 Annular anav“ 2-D Matrix Aray | Beam display info. | Elements Info ‘ AFiSiMO ‘
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Pulser: 1 & *
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Secondary axs position at wedge reference: -20000 =
Wedge length: 68530 =
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Figure 4-40 Depth beams: input parameters

Graphical and numerical information concerning the generated laws can be found on
the corresponding Beam Display Info. tab (see Figure 4-41 on page 77).
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Advanced Calculator 29R1 - Default

File Help
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Figure 4-41 Depth beams: visualization
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4.5 Creating Sectorial Beams

Sectorial beams are used to generate, at a fixed focusing distance and with a fixed
primary aperture, a set of ultrasound beams with different inspection angles
(refracted angles and/or skew angles).

To illustrate the use of the calculator for creating a set of Sectorial beams for 1-D
linear array probes, various typical applications are given as examples.

Example 1: single array, flat part, probe perpendicular to scan-axis

The following configuration is considered:

¢ Single 1-D linear array probe, with the following characteristics: nominal
frequency 5 MHz, 32 elements, pitch 1 mm, and width of the elements 10 mm