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QAW Delaware — RT Presentation
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Radiographic Testing Advantages

Generally Portable

Surface and subsurface capabilities
Sensitive to certain defects
Permanent record

Clean

Carbon, stainless, aluminum
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Radiographic Testing Advantages

Expensive

o equipment, consumables, training, time,
maintenance, regulations

Usually an overnight process

Dangerous
o technicians and surrounding personnel

2-man crew
Defect orientation is critical
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Basic Steps for Film-Type RT
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Basic Steps — Digital Radiography
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Repair Cycle
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This is what we don’t need!
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Digital Radiography Advantages

1. Exposure time reduced to as much as 5%
a. Allows the use of X-ray vs Isotope
b. Saves X-ray tube for overheating and wear
c. X-ray has greater sensitivity than isotope
d. Safer

2. No Film, developing or chemicals
3. Unlimited storage

4. Immediate review

5. Transfer Electronically to owner
6. Storage remains at top quality
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e Research Efforts — Phased Array Inspection
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DISCLAIMER

The opinions and conclusions expressed or implied in this
presentation are those of the research agency. They are not
necessarily those of the Transportation Research Board, the

National Academies, or the program sponsors.




Objectives:

= Develop guidelines to evaluate CJP welds
based on updated acceptance criteria
» Shop and field fabrication
e |INn-service evaluation

¢ Include procedures for using enhanced UT
methods

» Develop proposed modifications to AWS D1.5




Schedule:

Phase | — Planning

» Complete

Phase Il — Analytical Program
= Complete

Phase lll — Testing Program

» Scheduled completion Spring 2018

Phase IV — Guidelines Development and
Proposed Modifications to AWS D171.5

e Scheduled completion Summer 2018

Phase V — Final Products
e Scheduled completion Fall 2018




Literature Review Main Findings

Current AWS D1.5 conventional UT acceptance
criteria
» Shown to be highly variable in reported amplitude

Very little documented use of enhanced UT in the
bridge industry

* Need to collect round robin data to evaluate current
practice and develop improvements

No documentation on development and basis of
AWS D1.5 Annex K PAUT procedure and
acceptance criteria

e How does it compare to conventional UT results?

* How does it compare to fracture-mechanics based
acceptance criteria”




Analytical Program Main Findings

» Determined recommended critical defect
sizes based on Fitness-for-Service (FFS)

e Calculated critical defect size for fatigue and
fracture limit states

e Performed parametric study assuming:
Equal thickness & thickness transition butt welds
Plate thickness varied from 0.5" to 4~
Through-thickness defect position:
Mid-depth, quarter point, & near surface
Defect aspect ratio (a/c ratio)
Varied material grade, stress range, & fracture toughness




Experimental Program Overview

Performed initial round robin testing program
e Circulated numerous plates with weld flaws

e Collected scan results:
4 PAUT technicians
5 conventional UT technicians
2 TOFD technicians




Experimental Program Overview

» Compared initial round robin results
Error of flaw length and flaw height sizing

Hit rate (flaw detection), flaw rejection rate, and
false call rate

Amplitude vs flaw size
» Scatter of maximum reported amplitude
Error of reported flaw location
Classification of defect type (planar/volumetric)




Future Work

= Develop improvements to AWS D1.5 Annex K
e Computer modeling of scan results (CIVA-UT)
e Physical testing of weld flaw samples

» Tie amplitude-based acceptance criteria to critical
crack sizes (FFS)

@ Provide table of critical flaw sizes for future
acceptance criteria based on flaw sizing

e Provide opportunity for use of future advanced
technologies




Questions/Comments

Dr. Robert Connor (rconnor@purdue.edu)

Curtis Schroeder (cschroe@purdue.edu)
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FHWA Research

Phased Array Ultrasonic Testin,

Objectives: This study focuses on evaluating the latest ultrasonic weld inspection technology and generating the
qualification data required to enable ultrasonic testing techniques to replace the radiography requirements in the
AWS D1.5 steel bridge fabrication requirements. To achieve this goal, the following three specific tasks will be
accomplished:

1} Evaluate the feasibility of implementing Full Matrix Capture (FMC) and Total Focusing Method (TFM) technologies to
improve ultrasonic flaw sizing and characterization.

2] Utilize state-of-the-art ultrasonic sound beam modeling to evaluate AWS D1.5 flaw detection performance. The
generation of virtual qualification data using simulation software will produce the diverse database of flaw detection
performance data required to justify the use of ultrasonic inspection for all AWS D1.5 applications.

3) Evaluate advanced ultrasonic technigues for AWS D1.5 applications. This task will include the evaluation of new

advanced technologies for potential incorporation in AWS D1.5 including two dimensional arrays and time of flight
L

diffraction techniques.

Status: Nearing completion of Task 1 on FMC/TFM technology evaluation with the following primary conclusions:

1) initial evaluations indicate that the application of FMC/TFM technology is both technically feasible and cost effective
for the reliable detection and sizing of typical AWS D1.5 bridge fabrication welding flaws and 2) published literature
suggests that the following benefits can be expected using FMC/TFM technology: - . -

s Improved flaw characterization by producing an image more representative of the actual flaw shape

¢ Improved flaw sizing, particularly in the through-wall dimension :

* IMore accurate flaw characterization and sizing without the need for more complex techniques like time of
flight diffraction

e Supports fracture mechanics based ultrasonic acceptance criteria (current NCHRP program)

Contact: Hoda Azari, Hoda.Azari@dot.gov, 202-493-3064
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Florida DOT

* Objective to determine how PAUT compares to
conventional Radiographic (RT) and Ultrasonic (UT) testing
and consider whether PAUT is a viable solution to
substitute or possibly replace conventional RT and UT in
Bridge Fabrication Inspection



Florida DOT

* Performed Phased Array Ultrasonic Testing (PAUT) of
steel bridge welds — normal Complete Joint
Penetration (CJP) welds for webs and flanges —not T

and corner joints



Florida DOT

e Evaluated cost comparisons of RT and PAUT

- Equipment costs were shown for Isotope Radiography (IR-192)
and film. Therefore annual costs were considerably higher if
done in house. If performed by outside vendors much closer to
being equal.

- In addition other RT costs related to Radiation Safety were
noted.



Florida DOT

e Utilized traditional PAUT equipment (Olympus Omni Scan) for the
evaluations - 5mhz 32 elements & 64 elements (code allows 1-

6mhz)

e Testing done in accordance with AWS D1.5 Annex K. Discussion of
development of a different calibration block.

e 303 Scans of weldments at 2 FDOT fabricators — all productions
welds - 4% rejection rate. RT —Rejected 8% UT 1%



Conclusion

e PAUT Satisfactory — more efficient, cost-effective portable and a
safe alternative to RT.



* Recent Phased Array Equipment & Technology



TOPAZ64

« FMC/TFM in standard and high resolutio
up to 1M points (1024x1024 pixels)

* New Bipolar pulsers deliver 150Vpp
 Raw A-Scan data saving
 Time Reversal option



Understanding FMC




Under standing FMC

*  Full Matrix Capture (FMC) technique captures and records all A-Scan signals from every
transmitter-receiver pair

!
i
()

Firing Element

Firimg Element™ =

Firlmg Elekent™ = [B=

 With raw A-scan signals stored, it is possible to generate UT imaﬁing for any given focal law /
beam (aperture, angle, focus depth) or use for improved algorithms (e.g. TFM) through post
processing

Virginia Department of Transportation



FMC + Data Reconstruction process

Delay laws are generated, but not used during data collection

Each element in the probe is pulsed and A-Scans for each
pulser/receiver combination are digitized

FMC data can be processed in the instrument or transferred to host
computer

FMC data can be processed as:

- Standard focal law to reconstruct (standard phased array)
- TFM focal law to reconstruct TFM frame

- Using other innovative algorithms...



Total Focusing Method (TFM)

 Adelaylaw is created for every
pixel in the TFM frame

* For every pixel, A-Scan data is
summed using a focal law

T —>Every pixel has a perfectly focused
e dedicated focal

] I H
i W= " SR
EEE JE! H

TFM - Frame LW




FMC/TFM - Important Distinction!

* (FMCQC) Full- Matrix Capture = Data Acquisition
— Performed in the hardware s SR

- (TFM) Total Focusing Method = Post-Processing
Imaging of the FMC Data

— Performed in the software [
— A family of techniques

-H-‘-—l—-l B

i 1 .




ﬁ
Full-Matrix Capture (FMO)

- FMC describes a pulse/receive method
implemented in data acquisition hardware.

= There is no beam forming done in the
hardware (no delay/focal laws)

= No specific focal spot/zone -
— Focused Everywhere!

- Once the data is captured and streamed to
the PC, the software must implement a post—
processing or visualization algorithm.

- One popular processing technique is the Total
Focus Method (TFM)

N S




ﬁ
Full-Matrix Capture (FMOQO)

- The Pulse/Receive Sequence is...

— Pulse on Element 1, then receive raw data
on all channels in parallel without beam
forming in the hardware...

— Then pulse on 2, receive all, pulse 3,
receive all... and so forth.

= One FMC for a 64 element aperture is
64 Xx 64 = 4,096 raw a—scans
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Full-Matrix Capture (FMO)

Cycle 2 Cycle 3 Cycle 4

el il
R b

In this example, we have 4 elements...

PPPPPP

PPPPPP

4 x 4 = 16 Raw A-scans
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Total Focusing Method (TFM)

- TFM is an advanced image

reconstruction technique, performed
via software post—processing.

- By applying the TFM algorithm to FMC
data, the inspection can be focused at
all points within the focusable range
of the probe (near field).



*
TFM - Flexible Reconstruction Grid

- User specifies
inspection range, x1
pixel resolution,
and offset of
reconstruction
points

- TFM calculation
done for each
reconstruction
point

« No limit to
resolution (with
AOS software)

x - Epn Tan
m M- =

dx Region of nterest

Virginia Department of Transportation



|
Flexible Reconstruction Grid Cont.

- The reconstruction x1
is “Flexible”,
meaning when
“zooming” into the
inspection area to
view an area of
interest, the
reconstruction _
applies the same l o BERES Saetg
number of
specified pixels.

Thus, no
resolution is lost

2 — Tyt Mg
|| Il =
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Test Piece
« 85 mm thick Aluminum, 91 mm SDHs




*
Conventional PAUT vs FMC/TFM

Conventional Phased Array FMC/TFM
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FMC/TFM




EDM Notch Test Piece

Virginia Department of Transportation
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Conventional PA

- Indication from
upper and lower
tip.

-  Center of slit is
difficult to see.

- Can be easily
misinterpreted as
two separate
defects or SDHs
very close
together.
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Advanced Imaging with

FMC/TFM

« Can see the
defect as it is
Can see the
notches even
at different
orientations.
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Side By Side Comparison

FMC /S TFM Conventional PA




*
FMC/TFM Benefits

Beautiful Image!
= Like a drawing of the test piece
= Provides better perspective
= VWVertical Resolution Improved
= Lateral Resolution Improved
— 3 holes: Can see the small
nuance of 3 mm center to
center and 4 mm center to
center
= Can see that the SDHs are 1 mm
in diameter.
= Understand images a lot easier

= Able to differentiate what is a
real defect vs geometry echoes




Now Rugged and Field—Ready!

VAN S

Advanced OEM Solutions



Conclusions



Conclusions

 There have been major improvements in both UT (PAUT) and RT
(Digital Radiography)

* Very specific research is being conducted on PAUT

* Digital radiography appears much superior to isotope and film
radiography — (safety, cost, environmental, etc.)

 Thereis a code now for PAUT — AWS D1.5 (2015) Annex K
e Some states are actually utilizing PAUT and Digital RT

 Where do we want to go from here?
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Digital Radiography in Industry: Digital
Detector Arrays in Radiographic Testing

by Brad Kraai

Introduction
Digital detector array (DDA) systems
within industrial radiography are becoming
very common in high performance, critical
margin of safety, and endurance test
article inspections. Investment castings,
thermal joints, and a wide variery of other
test articles are being routinely inspected,
with improved probability of detection
(POD), and much faster throughput
than conventional film systems—with
high levels of user satisfaction, Potential
users within the industrial X-ray imaging
community continue to recognize these
values and exploit this new technology
for potential applications, but to do so,
a basic understanding of DDA systems
and application is a necessary foundation.
Smooth implementation of this novel
technology can be challenging, and
consultation should be considered from an
outside, unbiased, reputable organization.
There are several integrators, or vendors,
thar are widely recognized as providers of
DDA systems development, installation,
and service—each having its own merits
and specialties.

, This article explores DDA systems:
4'pplicaricm. capability, process controls,
image actributes and evaluation, and
personnel qualifications—to hopefully
promote an increased interest and
enlightenment for potential users.

Definitions
Per ASTM E 2736, Standard Guide for
Digital Detector Array Radiology, a digital
detector array is defined as: “an electronic
device that converts lonizing or penetrating
radiation into a discrete artay of analog
signals which are subsequently digitized
and transferred to a computer for display
as a digital image corresponding to the
radiation energy pattern imparted upon the
input region of the device. The conversion
of the ionizing or penetrating radiation
into an clectronic signal may transpire by
first converting the ionizing or penetrating
radiation into visible light through the use
of a scintillating material” (ASTM, 2010a).
While DDA can be used for real-time or
dioscopic tech most applicati
for critical test articles employ static
imaging and evaluation. Figure 1 provides
a simplified diagram of a DDA.

TNT .




Questions/Comments
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