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PART 1: Ultrasonic Attenuation Coefficient Determination
· ABSTRACT 
 In part 1 we have to teste to two different mild steel products for, Ultrasonic Attenuation Coefficient Determination.one is mild steel block which has thickness around 19mm, and second product is used brake disc, then we are going to check products thickness. Then we used ultrasonic machine and 2way prob to measure ultrasonic wave and display on screen as graphs. Then we must take all riding and applying with attenuation coefficient formula and find average attenuation coefficient. 
 We are using the attenuation coefficient for ing average value average (α) after all result we get, brake has more energy disputation ability then mild steel block.            
 
· INTRODUCTION 
· Basic principles of ultrasound
Waves made of sound energy go through the materials after being introduced.
A portion of the energy is reflected back from the fault surface when there is a break in the wave path (like a crack).
The transducer converts the reflected wave signal into an electrical signal, which is then shown on a screen.
Returned signal strength is plotted against the amount of time between the creation of the signal and the time an echo was received.
The distance that the signal travelled can be directly correlated with the signal travel time. The position, size, direction, and other characteristics of the reflector can occasionally be determined from the signal. 
Most applications for non-destructive ultrasound fall between 400 kHz and 25 MHz. 
The ultrasonic sensor's frequency is determined by a few parameters, including:
size of a measurable defect,
penetration depth, and the material's grain size.
The x-axis on the A-scan is often changed to distance rather than time units. 
The conversion is carried out by measuring, or looking up, the sound speed through the material through which the ultrasonic wave is travelling. 
The density and elasticity of the material play a significant role in determining the speed of sound through it.
[bookmark: _Int_XAn0vKDu]The majority of materials have a homogeneous sound speed, making study and finding it simple.
· SELECT BLOCK
First, we must select 2 metal element 1 is metal block and2 is brake disk check the surface is flat and cline. Then we do measurement first take metal block and check thickness and length with veneer callipers. Metal block thickness is around (19) and brake disk thickness is around (12.6)      
·  SET UP DIYACTOR 
[image: ]For this test we select High performance digital ultrasonic defect detector from Silverwing are called D-SCAN 705 devices. The most recent advancements in pulser and amplifier technologies provide enhanced near-surface resolution, penetrating power, and high signal-to-noise ratio.

· Probe and Considerations
Standard compression wave probes can be used for immersion testing or contact scanning. The architecture of the contact scanning probes can be either single crystal or twin crystal (dual).[image: ]FIG:Probe and Considerations

The operating frequency of the crystal is determined by its thickness, and it has silver coating on its faces to facilitate electrical contact.
As the epoxy hardens, the damping slug is cast onto the back of the crystal and adheres to it. The pulse length is dependent on the amount of damping applied. Before attaching the damping slug, a tiny wire is connected to the crystal's back with a solder that melts at low temperatures. 
[bookmark: _Int_Z6TMrEfx]In order to safeguard it during contact scanning, the wear face is attached to the front face of the crystal. 
Considerations for Wearing Face 
The worn face material is designed to be one-quarter the wavelength at the test frequency for the velocity of sound, allowing for maximal sound transmission out of the probe into the test sample. Shim steel is used for some wear faces, whereas hardwearing ceramic is used for others.
The steel wear faces can be used to connect the crystal's front face to the probe housing and are less likely to break if the probe is dropped, but they have a tendency to stretch and separate from the crystal over time. Employment of a non-conductive wear face necessitates the use of an alternative earthing technique. 

First, we plunge prob with device, we have 1 zero-degree, 5 MHz ultrasonic probe, two-way prob in this prob we have transcoder and receiver in one prob. 
· COPLING GAL
As we can see in figure (..)we use Copling gel between prob and metal surface, with help withe gel we can reduce friction or wearing with surface and prob and we can do our Worke smoothly.  
·  SCRIE SET UP DIYACTOR 
     On screen there are various things on diyactor  to set like velocity, range, delay and gain. 
[bookmark: _Int_wXJxV6Hm]So, we can set the first velocity is around 5960m/s which is suitable for mail steel. Then we can set the range which is 70. Moreover, we must set gain but there is different set up for gain like if we go for mail steel block then we can set gain around 23 to 25 however for disc rotter we set around 38 to 40. Other things we live as it is.                                                         
· MESURMENT 
We have 2 material samples: a brake disc and a rectangular piece of mild steel. 1 zero-degree, 5 MHz ultrasonic probe. a flaw detector with ultrasound Calculate the material attenuation coefficient values for both samples. 
After setting up detectors first we take some measurement. On screen display there is four graph which is we consider as (R) in mild steel block we get. But in Disc brake we get three (R). 
[image: ]                    [image: ]
Figer: for mild steel block                                                 Figer :for brake disc 
                                                               
                                                 Eqe : for attenuation coefficient 
   After ultrasound value we need to calculate the materials attenuation coefficient value withe formula.
	
	
	
	
	
	

	
	R1
	R2
	R3
	R4
	AVG Attenuation coefficient value

	M-1
	90
	55
	36
	31
	-0.07

	M-2
	67
	43
	29
	20
	-0.08

	M-3
	78
	50
	35
	27
	-0.05


 Table: mild steel block
	R1
	R2
	R3
	AVG Attenuation coefficient value

	97
	24
	7
	-0.45

	99
	24
	7
	-0.45

	95
	24
	6
	-0.47


Table: Brack disc 
 With help of the formula, we can get average attenuation coefficient.
·  CONCLUSION
First, we take two samples for research, first is mild steel block and second is brake disc. After research we need to find attenuation coefficient with appalling equation.... then we get α1, α2andα3 this processes we must do for every measurement and for mild steel block and brake disc. Then we get average attenuation coefficient. Moreover, testing products we can get brake disc has more energy dissipation ability then mild steel block. Brake disc has all most (-0.40) to (-0.50) energy dissipation.    
 
 Part 2 : Through Wall Sizing Accuracy Analysis

· Abstract
In through wall sizing accuracy analysis we have 10 operator research we have to find how much accurate results they get in there researched. We have measured exal site. We have to find how much error they have in there measurement. We have to find standard devotion then we have to crate graph and figure out slop(M),(c)and Correlation coefficient is (R). White help of this value we need to figure out how much difference in true value.    The Non-Destructive Test (NDT) methods are used for the detection of the flaw in the metal. The capability of the NDT methods is expressed by the metric called as the Probability of Detection (POD), which is stated as a function of crack size through the POD curve. This manuscript thus deals with introduction and history of the Probability of Detection and Sizing method. Furthermore, considering realistic testing data, which contain 21 defect measurements in total and 10 technicians have used the equipment and procedure to perform measurement. Finally, through the statistical data, discus about sizing accuracy of the individual technicians, as well as the equipment and procedure.
· Introduction of POD 
· Development and history of probability of detection and sizing 
Several “Non-Destructive Evaluation” (“NDE”) technologies are employed in the o shore industry to identify the flaw in welds. According to the “ASM” Handbook, there is a brief explanation of the topics. The “NDE” business categorises “NDE” methods into conventional and advanced categories. “Radiography”, “ultrasonic”, “dye penetrant”, “visual examination”, “Eddy Current” (EC), and other traditional “NDE” procedures are included in the advanced “NDE” techniques such as Acoustic Emission (AE), Thermal Infrared, Phased Array, Time of Flight Diffraction (TOFD), etc. In addition to the “NDE” fee, expenditures for scaffolding, lagging removal, and cleaning/preparation are incurred when completing an “NDE” activity. As a result, considerable consideration must be given to whatever “NDE” approach is used during an in-service inspection. Before picking an “NDE” approach, it is important to understand the situation at hand. UT and RT are recommended “NDE” methods for in-service inspection of welded structures, for example, if the volumetric evaluation of the welded structures is required.
· Origin of “POD”
[bookmark: _Int_qTCqvPeU]Late 1960s and early 1970s saw significant advancement in the application of “POD” functions to assess “NDE” capability. The National Aeronautics and Space Administration (NASA) realized in 1969 that the design and manufacture of the space shuttle required “NDE” precise specifications. NASA evaluated “NDE” reliability based on the greatest aw that can be missed rather than the smallest aw that can be detected to achieve the damage tolerance criteria. Due to the difficulty and low reliability of “NDE The late 1960s and early 1970s saw significant advancement in applying” detection of small aws, this change was made to better identify larger aws that might otherwise go undetected. The US Air Force (USAF) quickly accepted NASA's “NDE” capability quantification technique by releasing MIL A-83444, which integrated NASA's NASA-5009 standard. After that, in 1973, the “POD” idea was included as part of the NASA Space Shuttle program's design criteria. First-of-its-kind efforts to measure “NDE” capabilities were made possible by NASA's “POD” development project. “POD” curves were first plotted by shifting the averages and then manually fitting a line through the data points on the graph. After that, a wide variety of ways were devised for drawing “POD” curves. To compute confidence intervals, binomial statistics were utilized, with “POD” (a) serving as the basic equation. It was still necessary to use extremely large sample sizes to achieve credible lower confidence bounds 5 on the “POD” using this non-parametric technique, which yielded incoherent findings for a single aw size. As a result of a comprehensive “NDE” reliability study conducted by the United States Air Force and statisticians, a final report was produced in 1978. Experimental data from the software dubbed 'Have Cracks Will Travel' had multiple examples of two cracks of roughly comparable length with a markedly different “POD” In addition to fracture length, these findings indicated that the “POD” was impacted by several other parameters. In terms of 'hit/miss', the data for "Have-Cracks-Will-Travel" was recorded exclusively. “POD” may be described probabilistically by Berens and Hovey using the data presented here, as "a curve over the averages of detection probability for all cracks of equal length." A regression curve was the name given to this type of curve. A Special Technical Publication of the “American Society for Testing of Materials” (ASTM) described the aforementioned method. That same paper mentions that the non-parametric technique, which uses estimates based on binomial distributions, produces more dispersion in “POD” estimates than do log-odds models.

· Further research
 The automated EC enabled for the recording of signal response data, which may be interpreted as the perceived flaw size (i.e. â versus a" data) in the next stage of “POD”. Analyses of the signal response data revealed that it was normally distributed around the mean, regardless of fracture size, with data typically being linear on a logarithmic scale. Subsequently, Berens demonstrated that the signal response “NDE” data was best represented as "log-normal" or "Probity". As recently as the late 1990s, the ASM Handbook's work on “POD” assessment by Berens was widely regarded as the gold standard in the field. “POD” studies at the “US Department of Defense” (DOD) were later detailed in the 1999 publication of the DOD Handbook. The most difficult part of creating “POD” was precisely calculating the confidence interval (CI). “POD” CI estimates have undergone a few modifications since their inception in 2000. Overly conservative CI for "hit/miss" statistics were evaluated since they applied to all locations on the “POD” curve at the same time. The Wald Statistic was used to calculate the CI in this study. A more precise CI calculation approach was then proposed as the likelihood ratio method. MIL-HDBK-1823A (an upgraded version of MIL-HDBK-1823) was issued in 2009 to incorporate these new improvements in “POD” CI calculations. MIL-HDBK1823A is now being used by the United States Air Force and other industry to undertake “POD” studies.
Transition of “POD”
“NDE” inspection's dependability was usually verified by experimental trials until the mid1990s. This led to a shift in the “POD” curve generating mindset from experimental to computational models, most notably in the UK National NDT Centre and also in the United States [24]. In 1989, Iowa State University researchers Gray and his colleagues released a paper evaluating the dependability of “NDE” models. Researchers found that developing computational models for forecasting “NDE” dependability was necessary for a variety of time and financial considerations. As time went on in 1990, Nakagawa at Iowa State University and Beissner at Southwest Research Institute took a novice approach, replacing theoretical physical modelling techniques for experimental aw signals. To evaluate “POD” for fatigue cracks, the authors determined that computer models may substitute a significant number of EC observations. Researchers at Harwell Laboratory in Oxford were working on computational “POD” models at the same time that Iowa State University researchers were. It is estimated that Ogilvy's theoretical “POD” for planar flaws from conventional ultrasonic pulse-echo inspection was developed in 1993. “NDE” measures' speed, coverage, and reliability were studied in 1994 by Wall and Wedgwood for their potential economic benefits. According to Schmer and Thompson's research, “NDE” modelling at Iowa State University allowed it to be completely integrated into the design and life cycle performance that year. In 1996, Meeker, et al. explored the physical models based on theory of ultrasonic wave scattering that might be used to predict observations from the flaw signal distributions.

· Future of “POD”
Both Iowa State University and NNDTC have been developing new models to help explain the findings of the "POD" study. Iowa State University researchers formed the Model Assisted "POD" (MA"POD") working group in 2004 in collaboration with the "United States Air Force Research Lab-oratories" (AFRL), the "Federal Aviation Administration" (FAA), and NASA in order to examine computational "POD" potential. However, the NNDTC has been creating new "POD" models for composites, "magnetic-flux" leakage in floor scanners, and other "POD" applications in the offshore industry, on the other hand. In recent decades, the "POD" concept and technique have been widely accepted as an useful indication for gauging "NDE" capabilities. In the "NDE" industry, the extensive use of "POD" concepts proves their importance.

· Method
For Wall Sizing Accuracy Analysis calculation first, we have to select any operator in exal site then we must find first total value of error in operator for that we have to do true value (-) operator value then we can get error.
Then after gating error we have to find average of error which is call main as well. After gating average of error, we need standard deviation and 95% of probability in error, for that we must do (1.95*) stander deviation so we can get 95% prob 
To moving forward we need upper value and lower value which is we can get throw the main and 95% prob. Whit help UP&low value we can get range foe graph. Moreover, after all get this in final, we need normalize which we can get with range, main and standard deviation and we can get the normalize in operator error. After getting value we can crate graph with rang and normalize.        
After that we have to crate second   graph so we can compare true value and error and then we can get () which is mentioned appendix.

·  CONCLUSION
 In this research we get some good results. In operator 1 and operator 9 there is very less error compare to other operators   
When the value of sector  M compare to other operator we can have very less error in operator 1 and operator 4 very less error like 0.01 in operator 1 and in operator 4 we get 0.02 which good measurement which is might be some machine error. However, operator 2 has a wide gap which is may be a measurement problem in that.
In operator 1 (0.992) and operator 9 (0.983) has Correlation coefficient is () Is very near to true value, but in in operator 2 (0.914) is very fear awe from true value. 

In all operators we get the best result in operator 1 and operator 8compared to other operators just because we get good values in (M), (C)and (R).

· Appendix
	OP
	MEAN
	STDDEV
	95%
	M
	C
	R

	OP1
	-0.31
	0.25
	0.491679
	1.106
	+0.531
	0.992

	OP2
	-0.21
	0.66
	1.2866
	0.751
	+0.636
	0.914

	OP3
	-0.07
	0.501
	0.75221
	0.854
	+0.322
	0.942

	OP4
	-0.70
	0.38742
	0.75547
	1.002
	+0.695
	0.962

	OP5
	-0.31
	0.44947
	0.87646
	0.922
	+0.441
	0.947

	OP6
	-0.39
	0.527334
	1.028301
	0.805
	+0.724
	0.948

	OP7
	-0.01
	0.538
	1.0491
	0.822
	+0.318
	0.938

	OP8
	-0.75
	0.4159
	-1.46529
	0.872
	+0.927
	0.963

	OP9
	-0.50
	0.2482
	-0.98243
	0.994
	+0.513
	0.983

	OP10
	-0.14
	0.44493

	-0.27671
	0.891
	+0.329
	0.951


Tabel: All operator calculation  
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Graph: of slop
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Graph: Correlation coefficient is ()
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Graph: all operators in one graph.  
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Operator 2
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Operator 3
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Operator 4
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Operator 5

[image: ]

[image: ]






Operator 6
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Operator 7
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Operator 8
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Operator 9
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Operator 10

[image: ]

[image: ]    




· REFRENCE
1 https://teams.microsoft.com/_#/apps/3e0a4fec-499b-4138-8e7c-71a9d88a62ed/sections/MyNotebook
2 https://teams.microsoft.com/_#/apps/3e0a4fec-499b-4138-8e7c-71a9d88a62ed/sections/MyNotebook
3 http://brl.illinois.edu/brp/pdfs/Yao-UMB-187-1991.pdf
4 https://sentin.ai/en/what-is-the-probability-of-detection-pod-in-ndt/ 
 
image2.png
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

10

mC





image6.png
AxisTitle

OoP1

8.00

*

y=1.106x-0.531

7.00 R*=0.992

6.00 *

5.00
/0’

4.00

4 OP1

3.00 Linear (OP1)

2.00 s
1.00 f‘,

0.00

2.00 3.00 4.00 5.00 6.00 7.00 8.00

Axis Title





image8.png
7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

oP2

y=0.751x+ 0.636

R2=0.914
*
*
* 0OP2
Linear (OP2)
*®
* *
*0
P e
M -
>0 *
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00





imagea.png
8.00

oP3

y=0.854x+0.322

7.00

6.00

R¥=0.94

5.00

4.00

+ OP3

3.00

2.00

1.00

&

0.00 +& T T

0.00

1.00 2.00

3.00

4.00

5.00

6.00

7.00

8.00

Linear (OP3)





image.png
12

0.8

0.6

0.4

0.2

10

H Seriesl





imagec.png
9.00

8.00

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

OP4

y=1.002x+ 0.695

R*=0.962

0.00

1.00

2.00

3.00

4.00 5.00 6.00

7.00

8.00

* OP4
—— Linear (OP4)





image10.png
8.00
7.00
6.00
5.00
4.00
3.00
2.00
1.00
0.00

OP6

=0.805x+0.724

R?=0.948 *

4 OP6

Linear (OP6)





imagee.png
OP5

8.00
y=0.922x+0.441 _*

7.00 R7=0.947

6.00

5.00

4.00 ¢ 0OP5

3.00 Linear (OP5)

2.00

*®
1.00 -

0.00 +& T T T T T T T 1
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00





image18.png
OP10

y=0.891x+0.329

2_
R*=0.951 *

<

¢ OP10

*

*

0.00

1.00

2.00

3.00

4.00

5.00 6.00 7.00 8.00

Linear (OP10)





image3.png
0.98
0.96
0.94
0.92

0.9
0.88

0.86

10

=R





image6.jpg




image14.png
8.00

7.00

6.00

5.00

4.00

3.00

2.00

1.00

0.00

OP8

y=0.872x+ 0.970

R?=0.963 . *
/ * 0P8
* tinear (OP8)
.
*
T T T |
0.00 2.00 4.00 6.00 8.00





imaged.png
op5





image17.png
OP10

——O0P10





imageb.png
op4





image12.png
OP7

7.00

y=0.822x+0318
6.00 7= 0938 /
5.00 /
4.00
3.00

*

2.00

R ~
1.00 —3/ *

*»

000 % : . : :

4.00

6.00

8.00

* OP7
—— Linear (OP7)





image9.png
eries





image3.jpg




image11.png
op7





image4.png




image5.png




imagef.png




image13.png
OP8

——0P8





image16.png
9.00

OoP9

y=0.994x+0.513

8.00

7.00

R?=0.983

6.00

5.00

4.00

3.00

2.00

1.00 +

0.00
0.00

1.00

2.00

3.00

4.00

5.00

6.00

7.00

8.00

+ OP9
——Linear (OP9)





image15.png
eries





image5.jpg




image7.png
opP2





image7.jpg
Prifysgol Cymru
Y Drindod Dewi Sant

University of Wales
Trinity Saint David





image4.jpg




