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ANSWER ALL QUESTIONS

1. Give a brief discussion regarding the Risk Based Inspection approach for the management of equipment and plant integrity. 10 Marks


2. The table below provides hit-miss data for complimentary NDT methods used to inspect an aircraft component.  The technicians were required to report defects detected or not on a location by location basis.  Carry out a full PoD analysis using the ROC method. 10 Marks

[image: ]

3. With reference to the eddy current method:

a) With reference to induced eddy currents in a conductor, explain the skin effect and effective depth of penetration. 4 Marks

b) A test coil is used to inspect a copper component 1mm in thickness.  Assuming 0.5mm as the standard depth of penetration required and that the conductivity of copper is 98.6 %IACS:

i) Calculate the required test frequency.
2 Marks
ii) What would be the maximum phase difference between the induced near and far surface eddy currents? 
2 Marks
iii) If we were to increase the test frequency by an order of 2, what would the effects be regarding the depth of penetration and near and far surface phase differences? 
2 Marks

4. With reference to the ultrasonic method, where a 2.5MHz conventional ultrasonic transducer is to be used to gauge thickness in mild steel

a) Determine the thickness required of a PZT crystal to produce a resonant frequency of 2.5MHz, given that the compression wave velocity for PZT is 3000 m/s.
2 Marks
b) Assuming for the aforementioned crystal that it has a diameter of 10mm, determine the crystals near field distance when transmitting into Perspex.
2 Marks
c) Assuming the crystal is in contact with a mild steel surface.  Calculate the 6dB beam width for the crystal at a thickness in mild steel of 25mm.
2 Marks
d) If a Perspex delay line is used to compensate for the near field zone, what would the resulting effect be in terms of the beam width?
2 Marks
e) What are the implications with regard defect sensitivity in this application?
2 Marks

5. With reference to radiographic methods

a) A micro-focus 2D x-ray inspection is to be undertaken on a square (8mm x 8mm) mild steel plate of thickness 20mm.  The source to detector distance is fixed at 0.5m.  The focal spot size of the x-ray tube is 30µm.  A geometric unsharpness value (Ug) of better than 0.01mm is required.  Calculate the required source to object distance and resulting magnification factor.
5 Marks
b) A technician is in an area for 10 minutes and the reading on an exposure meter is 5mR/hr.  Determine the actual radiation dose received by the technician.
1 Mark
c) A technician should not receive a radiation dose greater than 1mR.  Based upon Q5 b) conditions determine the maximum time the technician can stay in the area.
1 Mark
d) The intensity of an unshielded I-131 source is 32mR/hr. If the source is put into a lead shield 30mm thick what would be the intensity on the outside of the shield? Assume your distance from the source has not changed. The HVL of lead for I-131 is 0.178cm.
3 Marks
	

	Snell’s Law:


  
	Reflected Energy Equation:


 

	Ultrasonic Beam Formulae:


Where:
NF = Near Field Distance
d = Crystal diameter or aperture width
λ = wavelength
	Far Field Approximation:


Where


K is the wave number (2π/λ) and d is the aperture width.
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	Q Factor


Where:
f0 = the centre frequency
f2 = the upper -6dB frequency
f1 = the lower -6dB frequency


	Frequency thickness crystal constant:

f x t = V/2

Where,
· f = desired frequency
· t = crystal thickness, and
· V = compression wave velocity in the crystal material






General Formula and Constants





Current Loop Centre Flux Density

Solenoid Centre Flux Density


Magnetic Circuit Equations
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Material Properties.
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Defines the absolute edge

Defines the 6 dB edge
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Defines the 20 dB edge





image5.png
TP Total number of positive calls

PoD =
P = TP+ FN °" Total opportunities for rejection
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FP Total number of false positives

POFA = TN+ FP °" Total opportunities for acceptance
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Material Velocity | Velocity Density Acoustic

Units © 6] g/t Impedance
wsx 10° | mlsx 10°

Air 033 - 12 0.0004

Aluminium 640 313 2700 173

Basium Titanate A 5.26 - 5700 300

Bagium Titanate B 5.53 5700 315

Beryllinm 1289 8.88 1800 232

Brass 437 210 8450

Cast Iron 351056 | 221032 7200

Copper 476 233 8930

Glass (Crown) 5.66 342 3000

Gold 324 1.20 19300

Tron 5.96 322 7850

Lead 240 0.79 11300

Lead Niobate 276 - 5800

Lead Zitconate Titanate A | 3.00 - 7600

Lead Zitconate Titanate B | 3.00 - 7500

Lithinm Sulphac 545 - 2060 12

Magnesium 574 3.08 1720 9.90

Mercury 145 - 13550 196

Molybdenum 625 3.35 10200 637

Nickel 548 299 8850 485

oil 144 - 900 13

Perspex 268 132 1200 32

Platinum 3.96 167 21400 850

Polystyzene 235 112 1060 25

Steel (Mild) 5.96 324 7850 467

Steel (Stainless) 574 313 7800

Silver 3.70 170 10500

Tin 338 161 7300

Titanium 5.99 312 4500

Tungsten 517 288 19300

Tungsten-Araldite 206 - 10500 2165

Tungsten-Carbide 6.65 398 | 10000 to 15000 | 6.5 0 98.5

Usanium 337 202 18700 63

Water 148 - 1000 148

Zine 417 248 7100 296

Zisconium 465 230 6400 2938
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Location Defect Method 1Method 2Method 3

1 Y 1 0 1

2 Y 1 1 1

3 N 0 0 0

4 Y 1 1 1

5 N 1 0 0

6 Y 0 0 1

7 Y 0 0 1

8 N 0 0 0

9 N 1 0 0

10 N 0 0 0

11 N 1 1 1

12 N 1 1 1

13 Y 0 1 1

14 N 0 0 0

15 N 0 0 0

16 Y 1 1 0

17 N 0 0 0

18 N 1 0 0

19 Y 1 0 1


