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Abstract - This paper investigates the material attenuation coefficient for 2 different samples using an ultrasonic flaw detector. The method used in this paper is time of flight calculations. Discussion on possible errors is discussed within the calculations.
1. APPARATUS
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Figure 1 - Apparatus used to test for attenuation coefficient.
Sample – sample used to find the attenuation coefficient for that material.  Ultra Sonic Gel – Used to remove air gaps between sample and probe. Display - A-scan display showing, dead zone, nearfield and 3 backwall echoes.  5MHz probe single crystal – With the 5MHz probe are ceramic crystals. The crystal produces sound waves when an electrical current is passed through it. Vernier Calliper – Used to measure the depth of the sample.

2. INTRODUCTION 
Attenuation is the loss of energy over depth [1]. In ideal materials the only loss in intensity (signal amplitude) is due to spreading of ultrasonic waves. However, in natural materials there is a further effect that also reduces the sound. This is due to scattering and absorption. Scattering is the reflection of sound in other directions that the original propagation. These waves therefore are not detected by the probe reducing the signal amplitude. Absorption is the transformation of sound into different energy mediums that are not detected. Attenuation is the combination of these effects. [2]
Using an ultrasonic probe on a sample with a known size an attenuation coefficient can be found   Although there are values for them already, the best way at determining these values is through experimental data [3]. 

2.1 Methodology 
For this experiment the attenuation coefficient for two given samples will be found. First each samples depth is measured to know the distance the waves will travel. Secondly an ultra-sonic gel is applied to the area on the sample that is going to be inspected. A gel is used to remove any air gaps between the sample and the probe. If there is Air between the sample and probe there will be minimal transmission into the sample due to the air’s low impedance rate. The next step is to power up the display module and set a gain factor and velocity factor to replicate the A-scan data shown in figure 1. Reading of the display the intensity of the back wall echoes that occur. Only three back wall echoes will be used in this experiment due to absorption and scattering effects. Repeat this procedure at multiple points along the sample. The data gathered can be used to estimate the attenuation coefficient for the sample. 

3. MEASUREMENTS 
This segment displays all the data and measurements that were gathered from each sample. Table 1 displays the thickness of the Sample 1 (block) along with the varying intensities of the first 3 backwall echoes.

[image: image2.png]Depth (mm) Echol Echo2 Echo3

189 85 2 29
189 81 39 25
19.1 86 2 21
19 84 50 28
195 88 2 20
195 85 42 22
195 86 2 20
185 79 38 20
185 82 39 24
185 80 39 18





Table 1 - Back wall echo data for Sample 1
Table 2 displays the thickness of Sample 2 (Spacer) with the varying intensities of the first 3 backwall echoes. 

[image: image3.png]Depth (mm) Echol Echo2 Echo3

128 89 45 22
129 85 41 21
128 92 41 2
128 90 49 23
131 80 45 23
13 98 41 18
13 98 43 19
13 96 42 20
13 97 43 21
13 90 40 19
13 90 40 19
13 90 40 18
13 90 41 20
13 88 40 19
13 88 40 20





Table 2 - Back wall echo data for sample 2
4. CALCULATIONS 
This section will use the data gathered in the segment above to calculate experimental values for the attenuation coefficient. 
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Equation 1 - Attenuation Coefficient
E2 and E1 are the back wall echo intensities. The distance is calculated by knowing how many times the sound has be reflected of the backwall. This calculation will output the attenuation coefficient in intensity lost over mm. 
5. RESULTS AND DISCUSSION
Having calculated values of the attenuation coefficients of both samples, their results and findings can be discussed. The figures below show the attenuation coefficients calculated with each individual measurement taken. 


[image: image5]Figure 2 - Attenuation Coefficients for Sample 1
Upon analysis of the figure above. There is great variation between the first and second experiments. At no point do any of the values for the attenuation coefficient overlap with the given error to produce a repeat value. This may be due to incorrect use of the ultra-sonic probe and allowing air to interfere between both the probe and the sample. However, experiments 3 to 7 produce regular and consistent values for the attenuation coefficient across all three calculations. The average values for the attenuation coefficient in this experiment is 0.15mm-1 with a standard deviation of 0.023.


[image: image6]Figure 3 – Attenuation Coefficients for Sample 1
When analysing the figure above, for sample 2, the average for the attenuation coefficient is 0.25mm-1 with a standard deviation slightly better than that of sample one with a value of 0.022. it appears that yet again the initial values within the data range appear to be scatted and much different to measurement 6 onwards.

6. ERRORS 
Although caution was taken with trying to exclude errors from the experiments there is undoubtably some effect they have had on the results. The first source of error comes from measuring the depth of the sample. Incorrect use of the measuring tool will affect the subsequent calculations increasing the value of the attenuation coefficient. Due to the measuring gauge being non digital there is also acceptance to error as different operators may have slight differences in their readings. 

Due to the ultra-sonic display not being able to give exact measurements for the peak count when measuring the back wall echo intensity errors may also creep into the final calculation.  

Not all sound will be transmitted successfully into the block. Also mention before air has a low impedance value therefore sound does not propagate through it. To mitigate this factor gel was used but air bubbles may creep in.  

6. CONCLUSIONS

Through time-of-flight methods, this study has derived two experimental attenuation coefficients for the respective samples. The experimental procedure underwent scrutiny, and error estimations were formulated to account for discrepancies observed in test results. The attenuation coefficient for sample 1 was determined to be 0.15 mm-1, with the material assumed to be steel. Sample 2 exhibited an attenuation coefficient of 0.25mm-1, with the material assumed to be aluminium. A lower attenuation coefficient indicates relatively transparent material, while a higher coefficient implies increased opacity.
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Statistical Analysis of New Ultrasonic Testing Procedure with Analysis of Operator Performance
Abstract - This short report analyses the performance of a new ultrasonic thickness gauging procedure. 10 technicians performed the measurements, and their results are analysed to comment their accuracy and the effectiveness of the new procedure. Further comments have been made to whether the test is appropriate for industry. 
1. INTRODUCTION

In the realm of Non-Destructive testing the reliability and accuracy of defect measurements is crucial. Over or under sizing of defects can lead to excessive replacement of components or failure causing extravagant cost [1]. Ultra sonic imaging is used within NDT to detect flaws within a material. The success of any experiment or testing procedure heavily relies on the proficiency of the technicians involved.

This paper investigates the performance of a new ultrasonic thickness gauging procedure and analysis its accuracy at sizing defects for a group of 10 technicians. The aim to assess the consistency, precision, and potential sources of variability within their practices. The 10 technicians are tasked with detecting 21 defects (A-U). Every measurement recorded will be assessed against the true defect size comparing average error and the distribution of error. Observations will be provided for possible errors in their detection, as well as any recurring tendances. Based on this analysis, the operator with the highest accuracy can be chosen, supported by rationale.

2. RAW DATA
This section presents the graphs of each individual operators sizing compared to the true size of defect using liner regression and gaussian distribution. The graph below contains the defect name, the true size of the defect and each individual operator’s estimation of the error detected. 

[image: image7.emf]Defect true size Op1 Op2 Op3 Op4 Op5 Op6 Op7 Op8 Op9 Op10

A 0.25 1.00 0.00 0.50 0.50 0.50 0.00 1.00 0.30 0.50 0.80

B 0.27 1.00 0.00 1.00 0.73 1.20 0.50 1.00 1.20 0.50 0.80

C 0.28 1.00 0.00 0.50 0.76 1.00 1.20 1.00 0.70 0.50 1.30

D 0.40 1.20 1.00 1.00 0.91 0.50 1.00 1.00 0.80 0.60 1.50

E 0.40 1.40 1.00 1.10 0.98 1.20 1.00 1.00 0.90 0.20 1.60

F 0.50 1.10 1.00 0.80 0.79 0.90 1.00 1.20 0.50 0.00 1.00

G 0.52 0.90 1.50 1.00 1.01 1.50 1.10 1.00 0.70 1.00 0.90

H 0.55 0.50 0.90 1.20 0.96 1.20 0.80 1.00 0.40 1.30 1.60

I 0.70 2.00 1.60 1.20 1.35 1.50 0.90 1.00 1.00 1.60 2.20

J 0.98 1.90 2.00 1.60 1.31 1.00 0.80 1.00 1.40 0.50 1.80

K 1.12 1.00 1.80 1.80 1.37 0.50 1.00 1.50 1.30 1.80 2.00

L 1.15 2.20 1.00 1.50 1.56 1.80 1.30 1.50 1.20 1.80 2.00

M 1.10 2.00 1.60 1.50 1.60 2.00 1.40 2.00 1.60 0.50 2.20

N 1.30 2.20 2.00 2.00 1.73 2.10 0.90 1.50 1.70 1.70 2.00

O 1.60 2.00 2.00 1.50 1.56 0.80 0.90 2.00 1.50 1.20 2.00

P 1.80 2.40 2.00 3.20 2.14 2.00 1.40 2.50 1.10 2.20 2.50

Q 2.10 3.50 2.50 3.00 2.49 1.80 2.30 2.00 2.60 2.00 3.20

R 2.70 2.80 2.50 3.50 2.97 3.00 3.20 3.50 2.20 2.50 3.50

S 4.90 5.70 4.50 4.40 4.87 4.50 4.50 5.50 5.50 4.20 5.40

T 6.00 7.00 6.50 5.50 6.17 5.50 6.20 6.50 6.00 5.30 6.70

U 7.50 8.00 7.20 6.50 6.99 6.00 6.25 8.00 6.50 6.50 6.90

Table 1 – Data range for operators 
3. OPERATOR BREAK DOWN

3.1 Operator 1 


[image: image8]Figure 1 - Operator 1 Vs true size of defect
the figure above displays operator 1 vs true size of the defect. Upon first inspection operator 1 has a tenancy to over size defects with a mean average error of + 0.70 mm and a standard deviation of 0.39 mm. on three separate occasions there are measurements within plus or minus 0.10mm with only one being undersized. When sizing crucial parts where costs of failure can be astronomical, a tendency to oversize maybe accepted. However, parts that are still within their life span will be taken out causing increasing maintenance cost and waste [1]. The regression line plotted in figure 1 has a gradient of 1.0021. This value indicates that there is a correlation between the size of the defect to the measured detected. This may indicate a possible error with calibration with the probe.


[image: image9]
Figure 2 - PDF Operator 1
The figure above shows a population density function for operator 1. 90% of the measurements are within -0.09mm and+1.5mm any values outside of this range would be considered outliers. For this operator there are no outliers within the data set.  

3.2 Operator 2


[image: image10]Figure 3 - Operator 2 Vs true size of defect
When analysing operator 2 there is an average error of +0.31mm and a standard deviation of 0.46mm. Upon closer inspection of the data set defects under 0.28mm have gone undetected. For all defects that have been detected under 1mm, they have been grossly oversized by a minimum of 0.5mm. in the measurements gathered by the operator, their measurements only go to 1 decimal place although the new measurement technique is capable of 2 decimal places leading to the assumption that these values may have been rounded by the operator. It can be seen in the trendline that the operator tends to under size larger defects.


[image: image11]Figure 4- PDF Operator 2
The population density function for operator 2 shows a spread of results from -0.6mm to +1.25mm leading to a tendency to over size. 

3.3 Operator 3 


[image: image12]Figure 4 - Operator 3 Vs true size of defect
Operator 3 has an average error of +0.39mm and a standard deviation of 0.54mm. Upon inspection of the data set there were outlying results within the data set that are highlighted yellow within the figure above. Three of these values occur with the largest defects being under measured. This can be shown in a box and whisker plot of the errors. 

[image: image13]Figure 5 – Operator 3s outliers
Deeper analysis of the operators results show they are only capable of measuring to a resolution of 1 decimal place. 


[image: image14]Figure 6- PDF Operator 3
3.4 Operator 4


[image: image15]Figure 7 - Operator 4 Vs true size of defect
Operator 4 has an average error of 0.31mm and a standard deviation of 0.25mm. This smaller standard deviation show that their measurements are regular and repeatable. There is still a tendency within the data set to over measure small defects. For this data set there is also one outlier, this is for the largest defect and has an error -0.51mm. this operator is the only one capable of producing measurements to a resolution of two decimal places as the new technique should be capable of.  


[image: image16]Figure 8- PDF Operator 4
The population density function for operator 4 shows a much larger peak and small spread of the population showing a high level of accuracy and precision.

3.5 Operator 5


[image: image17]Figure 9 - Operator 5 Vs true size of defect
Operator 5 has a relatively low average of +0.21mm but a large standard deviation of 0.67mm. When analysing for trends within the data set there are non-present, with deviations fluctuating between positive and negative estimations. Although there is still a tendency to undersize large defects. Due to the spread of errors being so large there have been no detectable outlies for this operator.  This can be further seen in the figure below.


[image: image18]Figure 10 - PDF Operator 5
This figure shows the vast deviation in the spread of data from this operator. The spread spans from – 1.10mm to +1.6mm. showing poor precision for determining defects. This spread of data means the operators results cannot be trusted for determining defects accurately. 

3.6 Operator 6 

[image: image19]Figure 11 - Operator 6 Vs true size of defect
The average error for operator 6 was +0.07mm. However, the standard deviation was 0.51mm. This shows that the operator both under sizes and oversize regularly. With in this data set there is an undetected defect. Yet again this is the smallest defect. 

3.7 Operator 7


[image: image20]Figure 12 - Operator 7 Vs true size of defect
Operator 7 has an average of 0.50mm and a standard deviation of 0.25mm. All the operator’s measurements bar 1 are positive. For this defect that is undersized the error is -0.10mm. When plotting a linear regression line, the gradient is 0.9945. This near 1 value indicates that there is correlation between the true size of defect and the error. However, there is an offset on this linear regression. This may possibly be down to operator or calibration. The PDF displayed in the figure below shows that upon analysis of the operator’s errors, that they are distributed between 0.00mm and + 1.10 mm. this is the only operator that constantly oversizes. 


[image: image21]Figure 13 - PDF Operator 7
3.8 Operator 8

[image: image22]Figure 14 - Operator 8 Vs true size of defect
Operator 8 has an average error of +0.14mm and a standard deviation of 0.45mm. when analysing this operator although the data spread looks larger, they are with a tolerance of plus and minus 1mm. there is one outline within the data occurring with the larges defect size being undersized by -1.00mm. the figure below show the PDF of operator 8. 


[image: image23]Figure 15- PDF Operator 8
3.9 Operator 9


[image: image24]Figure 16 - Operator 9 Vs true size of defect
Operator 9 has an average error of + 0.01 mm and standard deviation of 0.55mm. this operator over sizes and undersize regularly. With the three large defects in this study the operator undersize them. There is also a defect with a size of 0.50mm the goes undetected, the largest undetected defect. The graph below shows the PDF from this operator. 


[image: image25]Figure 17 - PDF Operator 9
3.10 Operator 10 


[image: image26]Figure 18 - Operator 10 Vs true size of defect
Operator 10 has an average error of +0.75mm and a standard deviation of 0.42mm. there is one outlier within the data set at with the largest defect being under measured by -0.60mm. This drastically effects the linear regression line and will not be taken into consideration for this operator. The PDF in the figure below shows that the operator regularly oversize’s defects. 


[image: image27]Figure 19 - PDF Operator 10
4. ERRORS

This segment will break down the possible errors that may be within the ultrasonic testing procedure that is leading to deviation in results. 

This report operates under the assumption that the equipment has been accurately calibrated. Any shift in calibration over time will result in altered outcomes, effectively undermining the credibility of the results. The assumption for this report has been that the equipment has all been calibrated correctly [2]. 

The common error within any of the test is that there are humans involved. Therefore, human error will directly affect the results of the test. One operator’s use of a measuring tool will be different to another causing variation within the results. To mitigate this deviation, one approach is to eliminate the reliance on measuring devices, but this is not feasible for the current test. Therefore, it becomes necessary to establish a tolerance for operators' measurements, expressed as a plus or minus range, which can also be calculated for tolerance concerning defect size [3].

Flaw size is a tolerance, the critically of this tolerance will be directly linked to the defects it will be finding. Making it important to understand what type of defect the test is looking for. In cases where the identified component is crucial, tolerances will be more stringent to prevent potential failures. If the flaw tolerance is known, then decisions can be directly made for whether an operator is under or oversizing.

5. RESULTS AND DISCISSION 

on completion of manipulating the raw data the results can be further analysed. Having plotted an individual population density function for each operator they can now be ranked to see which operator performs the best. When overlaying this data, it is clear to see two operators stand out.


[image: image28]Figure 20 – PDF overlay of all operators
In the data above it is clear to see 2 outstanding peaks for operator 4 and 7. The overlay shows that they are both capable of finding defects 0mm to +1mm of the true size.
Applying the ultrasound technique, it has been assumed that the plus or minus 1mm is acceptable for the test. Therefore, there is a third operator that is now within tolerance. Operator 8 is within tolerance as well as 4 and 7. Operator 9 is within the flaw tolerance. However, they undersize all defects over 3.00 mm and therefore are not as favourable as No 8. Operator 9 also misses a defect. 

The findings indicate that a significant number of operators tend to oversize smaller defects and undersize the size of larger ones, which is undesirable in the industry. Larger defects are more prone to causing failures compared to smaller ones. Oversizing smaller defects may take parts out of service when the true defect size is within the tolerance. 

6. CONCLUSION 

The new testing procedure leads to varied results with most results being spread across -1mm to +1.5mm. within this data set only two operators were able to get consistent measurements with 1mm of the defect. Therefore, the test procedure is not ready for industry as of now.  

Within the test, only three defects exceeding 3mm are examined. Most operators tend to undersize these defects. To enhance the credibility of this observation, conducting additional repeated measurements on defects larger than 3mm would be advantageous.

While the testing procedure had the capacity to yield results to two decimal places, only one operator managed to provide results at this precision. Additional inquiry is required to understand the reasons behind this discrepancy.

Three operators overlooked a total of five defects, all of which were categorized as small defects. Since all other operators successfully identified these defects, it could be attributed to user technique. However, it remains crucial to investigate the underlying reasons for this outcome.
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