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Executive Summary
In the interest of quality, safety and reliability remaining paramount within the manufacturing industry, it is part of everyday procedures that materials, components and infrastructure be subjected to non-destructive testing (NDT) and inspection (NDI) to prevent failures and reduce associated costs. Periodic testing is typically used to ensure regular feedback is obtained and corrective work actioned at the earliest possible stage. Knowledge of the minimum crack size, structural loads, critical defect size and crack growth rates can be determined with testing and the appropriate actions taken. This report uses literature reviews and previous studies to examine the uses, advantages and drawbacks and overall principles behind three widely recognised methods of NDT and their recommended applications within industry. Some NDT methods precede more modern-day alternatives therefore literature available for research on this report ranges from 1994-2019 and therefore may conflict due to modern day advances in technology and studies. Research was obtained with a balance of academic and online resources.
The report doesn’t draw any findings related to data comparison in order to establish which NDT method is superior, but rather compare and contrast multiple methods and their suitable application dependant on where their individual strengths and weaknesses lie resulting in a conclusion of how they can implemented into stress analysis.
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[bookmark: _Toc24183915]1. Introduction
It is estimated that manufacturing contributes £6.7 trillion to the global economy with the UK manufacturing thriving in that with the eighth largest industrial nation in the world, it is also on target to break into the top five by the year 2021 (The Manufacturer, 2019). Manufacturers within the UK and other developed countries have responded to a rise in globalisation and increased competition from abroad by outsourcing work to emerging countries within their production activities. The Department for Business Innovation and Skills (BIS) state that this allows manufacturers to enhance productivity, reduce costs while gaining access to a fast developing market (2010). BIS highlight however that one in seven UK manufacturing companies are beginning to bring their production closer to home according to a 2009 survey by EEF/BDO with the quality of goods produced in emerging countries highlighted as one factor due to it not being of a sufficiently high standard offsetting the cost savings made from production abroad.
The use of Non-Destructive Testing (NDT) to provide quality control and assurance in the industrial domain cannot be over-emphasised according to Krishnamoorthy (2009). Using NDT to maintain high quality standards also plays a vital role in the reliability of products where their integrity is of paramount importance from a safety aspect. Krishnamoorthy explains further in highlighting that billions of parts in manufacturing, power generation and transportation industries are inspected daily using NDT methods resulting in a direct impact on reducing potential accidents, equipment failures and doing so in a timely manner through careful application.
This report focuses on current NDT methods and compares them to commonly used destructive alternatives, and homes in on three NDT methods and their purpose, benefits, drawbacks and application within manufacturing and industry further afield. An application considered in the report are the benefits NDT provide to stress analysis. Stress analysis is an important part of engineering as most components that fail have usually come under either a sudden large or consistent loading force which eventually places the component under damaging forces. The nature of NDT is to identify material limits, operational conditions and how to minimise to near elimination so that potential problems are eradicated. 
 



[bookmark: _Toc24183916]2. Non-Destructive Testing (NDT)
[bookmark: _Toc24183917]2.1 What is Non-Destructive Testing
Non-destructive testing incorporates methods used to evaluate a materials integrity for surface, internal flaws or metallurgical condition without the risk of interfering at all with the destruction of the tested material or its suitability for future use (Kumar & Mahto, 2013). In order to thoroughly identify and understand defects within materials Gholizadeth (2016) states that more than one method NDT may be required along with invasive openings in the material to assess the results. If done well, NDT can provide useful information to assist in the management of plant safety (HSE, 2019). Due to the variety of materials and their associated characteristics, it is essential that an understanding of the advantages and limitations of each NDT method be established to increase the success of any testing, discussed further in this report.
NDT methods fall into two categories;
i. Those which only detect size of defects/damage present on the surface
ii. Those which can detect size of defects/damage embodied within a component
According to The American Society for Non-Destructive Testing (2019) the 6 most common NDT methods are;
1. Magnetic Particle Testing (MT)
2. Liquid Penetrant Testing (PT)
3. Radiographic Testing (RT)
4. Ultrasonic Testing (UT)
5. Electromagnetic Testing (ET)
6. Visual Testing (VT)
Further methods include Acoustic Emission Testing (AE), Ground Penetrating Radar (GPR), Laser Testing Methods (LM), Leak Testing (LT), Microwave Testing, Neutron Radiographic Testing (NR), Thermal/Infrared Testing (IRT), Vibration Analysis (VA).
NDT provides an economical and very-accurate method of inspection since the results are repeatable as the piece itself is not destroyed and multiple tests can be performed on the same item to identify discontinuities. (TWI, 2019). With the main objective of NDT to identify the presence of discontinuities, it is important to note that a discontinuity is not always a defect. Two discontinuities, such as cracks of the same size and depth, may be acceptable when present on one item but not on another, the failed tolerances on the second item could therefore be considered a defect.
[bookmark: _Toc24183918]2.2 Material Choice and NDT
When considering NDT with metals, which account for about two thirds of all the elements (NDT Resource Center, 2019), discontinuities in metals can be in the form of cracks, slag, porosity and stringers (Smith, 2015). Therefore, if inappropriate NDT is applied or NDT is not applied correctly, then the results are likely to give a false impression of the integrity and safety of the plant (HSE, 2019).
When NDT composites however, it has been noted by Lim and Cao (2013) that NDT plays a vital role in the testing but also production of composite materials and a variety of testing methods are possible. In Dr. Bafekrpour’s book ‘Advanced Composite Materials: Properties and Applications’ he states:
“Composite materials are a major growth area within advanced materials and the range of applications for such products continues to grow and increase in diversity with every new development. Composite products are highly in demand and reached sales of $21.2 billion globally in 2014. The top three market segments in 2014 were transportation, construction, pipes, and tanks. Other segments include energy, automotive, and aerospace.”
(Bafekrpour, 2017)
Therefore, due to its increasing presence and safety uses within engineering and manufacturing, NDT data on composites is likely to grow further as they become more prominent in their use due to being on the cutting edge of active material research. Material composition and advancement has prompted development and adaptation of a number of NDT methods to detect flaws and it requires skilled work as often the materials are non-homogeneous and anisotropic. When comparing composites to pure metals, the damage and variability of mechanical properties due to anisotropy, heterogeneity and defects from material selection and processing techniques, become more important to understand (Jollivet, et al., 2013). Damages within composites commonly arising during material processing are cracks, delamination and porosity. Therefore, it is justified that advanced NDT is performed in order to ensure the production and condition of composites when being used is adequate and safe to do so. The more preferred methods of NDT on composites consists of Ultrasonic Testing, Acoustic Emission Testing and Infrared/Thermographic Testing with Ultrasonic providing more accurate and reliable results in a non-hazardous environment (Dwivedi, et al., 2017). 
Composites have better stiffness and their anisotropic properties are customisable providing advancements in areas such as transportation in the aerospace industry. A full list of potential defects with composites are listed in Table 1.
	Potential Composite Defects

	Wavy Fibres
	Thermal Damage

	Cracks
	Delamination

	Contamination
	Voids

	Resin Issues
	Improper Care/Treatment

	Thickness Variations
	Dimensional Discrepancies

	Misaligned Fibres
	Missing Adhesive

	Impact Damage
	Thermal Damage


[bookmark: _Toc24184095]Table 1 - Defects in Composites

[bookmark: _Toc24183919]2.3 NDT vs Traditional Destructive Techniques
NDT provides manufacturers with many benefits without comprising the integrity of the components being tested. There are circumstances where material tensile limits require being pushed to failure in order to gain a wider amount of data providing evidence on the performance of the component under stress. Destructive testing becomes redundant when a component that is in situ requires testing which cannot be removed or destroyed. For example, pipework, infrastructure and critical costly components will deteriorate and safety inspections will be required as normal.
An example of a materials properties that destructive testing will establish is fatigue. Testing for fatigue will indicate maximum stress, stress amplitude and a stress range for infinite life of the component at a specific loading in desired conditions (IDC Technologies, 2008). An S/N curve graph is developed in order to portray the fatigue rates a component experiences in uniformed conditions with a higher peak stress application. Roylance (2001) explains that an S/N curve quantifies the fatigue process when a constant cyclic stress is applied to a component or material and continuously cycled through stresses in a specific application until failure occurs  i.e. a part may fail after ten thousand cycles at 5 M/N m^2 however after twenty thousand cycles if the stress is reduced to 3 M/N m^2. A typical S/n curve graph is shown in Figure 1.





[image: ][bookmark: _Toc24183943]Figure 1 - S/N Curve example (Peak stress vs. Number of cycles) (IDC Technologies, 2008)

[bookmark: _Toc24183920]2.3.1 Non-Destructive Modern Alternatives of Radiography Testing
This report discusses radiography and its dated history within industry further in the report. However modern methods of this technique have been developed over the years which bring one of the oldest methods of NDT into the modern testing environment. Modern developments of this technology are discussed in Table 2. 
	Modern Radiography Alternatives
	Process Description

	Digital Radiography
	[image: ]Vastly more sensitive with flaw detection possible with small amounts of x-ray exposure (Achterkirchen, 2014). Advanced when the speed and memory of computers developed, enabled production of digital images using inexpensive equipment that can be portable

(Vidisco, 2019)


	Real-Time Radiography
	Captures radiographic imagery and displays it in real-time on a computer screen. Converts radiation into light using fluorescent screens. Real-time systems are used in airports


	Computerised Tomography
	Around since the 1940s, modern developments in technology have dramatically improved this process. It shows a slice through an image rather than the traditional two-dimensional images with no interference

	Neutron Radiography
	Uses neutrons instead of traditional x-ray/gamma rays to travel through an object. Passes through dense materials with ease but absorbed by light materials, opposite to x- and gamma rays. Expensive and large equipment required with possible safety issues where over firing neutrons at a material can make certain materials radioactive




[bookmark: _Toc24184096]Table 2 - Modern Developments of Radiography Testing
[bookmark: _Toc24183921]3. Applications of NDT
[bookmark: _Toc24183922]3.1 Ultrasonic Testing (UT)
[bookmark: _Toc24183923]3.1.1 Scientific principles behind Ultrasonic Testing
Ultrasonic Testing (UT) is an instant result, easily portable and adaptable system for a variety of different sized components (Aspect 3Sixty, 2019). According to Dr. Hijazi (2019) UT utilises high frequency sound waves to conduct examinations and allow measurements to be taken, furthermore, The American Society for Non-Destructive Testing (ASNDT) (2019) states this is above human audible range, between 16 Hz and 20,000 Hz, explaining that the ultrasonic testing range is typically between 500 kHz and 25 MHz. The large frequency range is pivotal to the object being tested i.e ASNDT elaborate that a high frequency sound of around 5 MHz for contact testing would provide good sensitivity, a term referring to the ability of detecting small imperfections without the component’s material, referred to as discontinuities. However, when considering cast items, which commonly have a large grain structure, a high frequency sound loses its dominance to a lower range, typically around 1 MHz which provides good penetration but poor sensitivity and resolution. 
A commonly used UT Inspection system consists of the following components;
	Component
	Purpose

	Pulser/Receiver (Probe)
	Must be in contact with the component, fires and receives feedback of sound waves at several hundred pulses every second. Generates short, large amplitude electric pulses of controlled energy which are converted into short ultrasonic pulses when applied to an ultrasonic transducer. Converts sound waves on the way back to an electrical signal.


	Contact Transducer
	Converts the high voltage pulses from the probe to generate high frequency ultrasonic energy. Ergonomic design to allow easy grip and movement along surface with a rugged replaceable casing to withstand sliding contact with harder materials.


	Display Device (Flaw Detector)
	Sends the initial voltage pulse to the probe and converts the received electrical signal feedback onto the display monitor to provide results.



[bookmark: _Toc24184097] Table 3 - UT Components

As the sound energy propagates through the component under testing, if there is a discontinuity within the part the waves will reflect back, however, if the component is clear of all discontinuities then the sound wave will hit the back wall of the component and reflect back still but in at a slightly more extended time period as shown in Figure 2. This continuous feedback and time period will help to identify whether or not the component has failed or passed the testing.
[image: ][bookmark: _Toc24183944]Figure 2 - UT Result Display (The British Institute of Non-Destructive Testing, 2015)


According to Dr. Hijazi (2019) the wavelength of the sound waves propagating in isotropic solid materials can be calculated with the following equation:

Where;
	λ = Wavelength (m)
	V = Velocity (m/s)
	 = Frequency (Hz)
Furthermore, it is stated that an increase in the frequency will result in a decrease in the wavelength, thus having implications on the testing boundaries. For example;
“When testing steel where the velocity of longitudinal waves is 5850 m/s and the frequency is 1 MHz, the resulting wavelength is that of 5.85 mm.”
(Hijazi, 2019)
In solid materials sound waves can propagate in four ways, referred to as the four principle modes that base themselves on how the particles oscillate (Hijazi, 2019). The four principles are;
1. Longitudinal waves – Consist of alternate compression of pressure waves similar to speech, these vibrations move in the same direction as the propagational energy.
2. [image: ]Shear waves – Unlike longitudinal waves, shear waves are at 90° to the propagating energy source, shear waves can only occur in materials that possess shear elasticity (HSE, 1994). Shear elasticity/modulus is stated by Helmenstine (Helmenstine, 2019) as the ratio of shear stress to shear strain. In metals, a materials shear elasticity decreases as its temperature increases (March, 1996).[bookmark: _Toc24183945]Figure 3 - Wave Comparison of Longitudinal and Shear Waves (Skills Commons, 2016)


3. Surface waves – Similar to shear waves however penetration of surface waves is only one wavelength deep, their velocity is also 2% less than that of shear waves. Surface waves behave with a combination of Longitudinal and Shear waves therefore they follow a rolling or orbital particle motion (HSE, 1994). 
4. Plate waves – Plates waves, or Lamb waves as they’re also referred to which are the most commonly used plate waves in NDT, are similar to surface waves. They are used to inspect thin plates of only a few wavelengths in thickness (Skills Commons, 2016). Lamb waves are complex vibrations that propagate parallel to the material being tested and must travel throughout the entire thickness (NDT Resource Center, 2019). Propagation of Lamb waves is dependent on the density and elasticity of the material being tested. They can move symmetrically and Symmetrically. Asymmetric waves move in uniformed motion where Symmetrical waves move in a compression and extension motion as shown in Figure 4.

[image: ][bookmark: _Toc24183946]Figure 4 - Asymmetric and Symmetric Lamb wave motions (NDT Resource Center, 2019)

Velocity is described in the Oxford Dictionary (2001) as ‘the speed of something in a given direction’. When considering specific material choices, this is a value that can alter dependant on the sound waves present. i.e. the velocity of sound in longitudinal waves is approximately half the velocity of sound witnessed in that of shear waves when in the same material. This velocity in a variety of material compositions is highlighted in Figure 5.
[image: ][bookmark: _Toc24183947]Figure 5- Velocity of Sound Waves in Materials  (HSE, 1994)




[bookmark: _Toc24183924]3.1.2 Advantages and disadvantages of UT
When compared to other NDT techniques, UT has the following:
Advantages
· Sensitive to both surface and subsurface discontinuities.
· No risk to operators or others nearby, nor does it have an effect on the tested material.
· Depth of penetration for flaw detection is far greater than other NDT techniques.
· Part preparation is minimal and only one-sided access required for the pulse method.
· Instant results given.
· Thickness of a hidden component can be obtained using the pulse/echo method.
· Highly portable and convenient, easy to use.
· Defects including internal ones can be sized and positioned accurately when discovered including the shape and orientation of the defect.
· Wide range of thicknesses can be tested, from a few millimetres up to several metres.

Disadvantages
· Surface must be accessible and contact possible for ultrasound to be transmitted and accurate.
· Easy to use however extensive training compared to other NDT methods.
· Inaccurate and hard to use on materials which are rough, extremely small, exceptionally thin or irregular in shape, i.e. cast items.
· Defects running parallel to the sound waves may go undetected due to their minimal disruption to the pulse and echo.
· Results are determined by specific reference standard requirements for both equipment calibration and part tolerances with acceptable/unacceptable flaw size.
· Single crystal probes have a dead-zone in which defects will not be detected, twin crystal probes are usually focused and have a limited depth range, so extensive training and experience is required to ensure the correct probe is used.
[image: ][image: ][bookmark: _Toc24183948]Figure 6 - Single and Twin Crystal UT Probes (HSE, 1994)

· Couplant, a material that facilitates the transmission of ultrasonic energy from the transducer into the test piece (NDT Resource Center, 2019) can act as a contaminant and removal prior to testing, such as any surface paint or coating may be required.


[bookmark: _Toc24183925]3.1.3 Potential sources of error with UT and assumptions that need to be made
	Potential Sources for Error
	Reasoning

	Defect Orientation
	[image: ]If the sound waves travel parallel to the discontinuity, a 0° probe (probe A) will receive very little feedback if any, therefore the only way to determine an accurate outcome is to use a 45° probe (probe B) which is a shear wave probe and will detect the discontinuity with ease.

(The British Institute of Non-Destructive Testing, 2015)


	Calibration and Equipment Accuracy
	Calibration of testing equipment is pivotal to gaining accurate results. Accurate results ensure the levels of safety required are obtained and risk is minimalised as much as it reasonably possible. However, further inspection is needed to ensure that the equipment being used is not damaged externally or internally in order to function precisely. i.e. Shared equipment cannot always be monitored for any drops or impacts the equipment may receive.

	Incorrect Equipment
	Inexperienced, costs, undertrained workforce or incompetence can result in the wrong equipment being used, furthermore this will result in unreliable data, potential errors and inevitably product failures.



[bookmark: _Toc24184098]Table 4 - Potential Sources of error with UT

[bookmark: _Toc24183926]3.1.4 Typical applications that use UT
Industries that utilise UT comprise of:
· Manufacturing – Can determine the condition of materials/components in order to improve quality, safety and reliability. 
· Medical Industry – Used on a large range of human organs for diagnostic purposes. 
· Oil and Gas Industry – UT can aid checks and underwater inspections of pipes and offshore structure inspections.
· Shipping Industry – Routine maintenance on cargo hatches, erosion to ship walls/bulkheads and inspections of pipework which supply utilities and fuelling to the ship.



Applications within manufacturing consist of;
	Application
	Use of Application

	Through-transmission testing
	Alternative method to single probe pulse/echo UT, a probe is placed either side of component and one will transmit pulses of ultrasonic energy, one will receive. The receiver signal is displayed, and when travelling through a defect, the signal level will drop due to the interruption across the wave path.


	Immersion UT
	An automated approach whereby the test piece is submerged into a water-filled immersion tank. The probe can be moved and angled according to the test requirements. The probe will not touch the test-piece and will typically travel at a uniformed distance from the part ensuring a uniformed focus at a specific depth is kept. 


	Thickness measurement and Condition Monitoring
	The distance the ultrasonic waves travel can be highlighted resulting in the possibility to calculate thicknesses of materials. This is useful where only one side of the material can be accessed. In order to calculate thickness, the velocity of sound in a material is required, along with the time of the pulse being measured. 
This can be effective with condition monitoring applications whereby corrosion of a material whereby only one side can be accessed can be determined. If the pulse waves return quicker than the desired time, then the likelihood that the material has thinned is high, thus requiring attention and repair prior to failure occurring.

	Material Condition
	Can assess microstructural differences in metals. For example, as the waves travel through the metal multiple times energy is lost. Therefore, if the energy decay of the tested part is larger than that of the standardised part/master part, it can be assumed that the microstructure of the tested part is coarser and may not be fit for use if outside of the tolerance window.



[bookmark: _Toc24184099]Table 5 - Applications of UT in Industry
 
[bookmark: _Toc24183927]3.1.5 How the results of UT can be used to improve stress analysis
UT provides multiple readings which can determine the condition of a material or part. Therefore, utilising these findings can determine stress management of a part which is another useful tool of UT. Using UT pulsing methods, all velocity changes within a metal part such as tensile loading of steel bolts and measuring residual stress in metal components are possible (The British Institute of Non-Destructive Testing, 2015). Any velocity changes within the part can be an outcome due to the presence of stress which may result in further testing being required or replacement of parts.
According to Jagasivamani (1992) experiments were carried out with shear, tensile and compressive loading and the acoustic properties were shown to be influenced by externally applied stresses giving information regarding bonds using the stress sensitive acoustic properties.
In order to develop data for absolute stress levels, Janssen (1992) used ultrasonic bulk waves from shear and longitudinal waves simultaneously. Janssen discovered between two comparable structural steel properties, this use of UT showed clear potential for measuring absolute stress levels on these materials.
In 1993, an experiment was carried out in order to utilise Rayleigh waves to detect the presence of residual stresses. The ability to control the penetration depth of the Rayleigh waves enabled mapping out possibilities of the residual stress gradient as they propagate along the surface of a material regardless of shape or contour. By altering the wave frequency, the waves were controllable and it was concluded that UT made it possible to determine the magnitude and depth of the residual stress in the material being tested (Lindgren, et al., 1993).
[bookmark: _Toc24183928]3.2 Magnetic Particle Testing (MT)
[bookmark: _Toc24183929]3.2.1 Scientific principles behind Magnetic Particle Testing
Magnetic particle testing is an NDT process that uses magnetic fields to discover any defects on or near the surface of ferrmagnetic materials (TWI, 2019). A ferromagnetic material is stated by Chandrasekharan (2016) as a substance which when placed in a magnetic field are strongly magnetised in the direction of the magnetic field, according to Birmingham University (2018), due to the atoms having a parallel aligned magnetic moment as shown in Figure 7. Such materials include Nickel, Iron and Cobalt. 
[image: Bildergebnis für ferromagnetic materials atoms aligned][bookmark: _Toc24183949]Figure 7 - Ferromagnetism Atom Alignment (Chattopadhyay, 2019)


[image: ]MT is based on the magnetic mark of magnetic particle formation on a workpiece surface, created by the phenomenon magentic leakage field (Figure 8) which as a result exposes the characteristics of any defects within the workpiece (Lin, et al., 2013). [bookmark: _Toc24183950]Figure 8 - MT Discontinuities Leading to Flux Leakages (The British Institute of Non-Destructive Testing, 2015)



When discontinuities are detected, such as the cracks in Figure 8, Professor Robert Smith of the BINDT (2015) states that it is due to them intersecting the magnetic field lines and MT can detect cracks from any intersection angle typically between 45-90° and is highlighted using detection media. 
[image: ][bookmark: _Toc24183951]Figure 9 – MT testing powder being attracted to the magnetic flux


[image: Image result for Magnetic particle testing result images]Highlighted in Figure 10 are the resultant discontinuities that can be expected from an MT, where the adsorption of magnetic powder, such as iron filings, after ferromagnetism. The potential defects are clearly visible under white light or ultraviolet light, the latter being used in a minimal natural light environment (Hijazi, 2019). Once magnetised the powder will form in the shape of where the magnetic leaks occur. Magnetic mark analysis can therefore be used to identify and guaruntee the performance of a workpiece (Lin, et al., 2013). 
[bookmark: _Toc24183952]Figure 10 - Resultant MT Discontinuities (Magnetic Particle Inspection, 2014)



Once testing has concluded, often the workpiece can retain residual magnetism. This may be important in the components service life, this is explained in an extreme example by Dr. Hijazi (2019) who notes the potential problems if the magnetised part is installed near a compass in future. Therefore demagnetisation is part of the MT process and several methods can be used but the most common method highlighted in multiple reports on such analysis is to reverse the magnetising force opposite to the initial magnetised force used, this force is called the coercive force.
[bookmark: _Toc24183930]3.2.2 Advantages and disadvantages of MT
When compared to other NDT techniques, MT has the following:
Advantages
· Very sensitive to near surface discontinuity location in ferromagnetic materials.
· Workpieces of a large size and shape variety can be tested accurately.
· Quick testing method with instantaneous results displayed.
· Testing does not always require surface be free of paint or coatings.
· Quick method to learn and become competent in.
· Indications from testing are very precise and clear.
· Some equipment for testing can be portable so that components can be tested without full removal if situated within a larger unit.
Disadvantages
· Only applicable to ferromagnetic materials with limited subsurface capability.
· Due to potential defect orientation and sizing, complete testing requires two magnetic fields 90° apart in individual tests.
· Cleaning often required after testing to free the component of any residual powder.
· Demagnetisation required to ensure residual magnetic fields are removed to reduce further complications in components future life.
· Some testing can require high electric currents which may result in burns on the part if performed incorrectly resulting in scrappage after testing.




[bookmark: _Toc24183931]3.2.3 Potential sources of error with MT and assumptions that need to be made
	Potential Sources for Error
	Reasoning

	Visual Inspection
	Results gained from some MT practices will require visual inspection in order to determine if discontinuties are present or if they are in fact defects. These inspections can often result in decisions being made which could vary in consistency depending on judgement.

	Preparation
	The surface of a material being placed under MT has to be cleaned prior to the test commencing. If not cleaned thoroughly enough, the results and test may be invalid.

	Demagnetisation
	A vital part of the process to ensure the future life of the tested component is not affected in any way detrimental to its intended operation. A process whereby this stage may be forgotten or missed, could result in large future issues.

	Flux Leakage Detection
	Flux leakage is dependent on the orientation of the indication compared to the magnetic field (Eriksson, 2013). Effectively if the crack is perpendicular to the magnetic field then the flux leakage will reach its maximum value, however cracks are only detectable within an angle of 45°-90° to the magnetic field. This may result in cracks going undetected.

	Magnetic Field Strength
	Easily monitored and overcome but may be overlooked and a low strength magnetic field may result in weak data or the detection of discontinuities being minimal.



[bookmark: _Toc24184100]Table 6 - Potential Sources of Error with MT

[bookmark: _Toc24183932]3.2.4 Typical applications within manufacturing that use MT
Widely used in industry for final inspection of manufactured components, MT ensures quality control and early detection of discontinuities during in-process inspections are identified and eliminated or corrected earlier resulting in lower associated costs to inadequate components.
	Application
	Use of Application

	Aerospace Industry
	In a study by Uludag (2016) MT is used to identify discontinuities within aircraft propeller mounting bolts. It is critical these parts are fit of use and not showing any defects at all to ensure safety is paramount. Highlighted in the image below are slight discontinuities within one of the mounting bolts tested.
[image: ]
(Uludag, 2016)


	Power Generation Components within Industry
	Often used to identify any defects within components subject to sudden changes in torque such as crankshafts and camshafts. It is stated by AMTECH (2019) that the surface of the shaft will have double the weakness of the inside of the shaft, thus maximum operational force greatly affects the surface more where any defects will result in stress concentration and potential failures.

	Petrochemical Industries
	Used commonly in maintenance inspections to ensure equipment, pipes and infrastructure is fit for use due to potential failures resulting in catastrophic results. 

	Nuclear Industry
	According to Harper (2016) “nuclear plants must supply uninterrupted power to the electrical grid. However, safety is of utmost importance, both that of the general public and plant employees. NDT techniques such as MT are proven to fulfil both objectives. Such techniques also meet the goals of enhancing reliability of plant assets”



[bookmark: _Toc24184101]Table 7 - Applications of MT within Industry

[bookmark: _Toc24183933]3.2.5 How the results of MT can be used to improve stress analysis
Stress analysis is a fluid operation whereby the component under inspection will gradually degrade over time and therefore reliability becomes lower. In a study conducted by Uludag (2016) as previously noted in Table 6, a study regarding the degradation of propeller mounting bolts was conducted. Initially upon construction Uludag (2016) states that the bolts would have been designed to withstand the change in stress it was continually put under, however eventually the materials limits will be reached, and failure can occur. MT enables inspection of such parts in order to ensure that the expected life cycle of these components is correct, and failure can be avoided once discontinuities and defects start to accrue within the material.
Traditionally the integrity of structural parts used in construction or vehicles and aircraft would be calculated using material strength calculations. According to Viotti and Albertazzi (2014) this resulted in oversized, heavy components in most cases which caused problems in industries that demand lightweight constructions, such as the aerospace industry. As highlighted in Uludag’s study, the benefit of MT within aerospace parts has enabled strong, reliable, lightweight components ensuring all desired characteristics are met.


[bookmark: _Toc24183934]3.3 Radiography (RT)
[bookmark: _Toc24183935]3.3.1 The scientific principles behind Radiography
One of the oldest methods of NDT used widely, RT still has advantages over other methods however health and safety concerns have resulted in alternate methods being used. RT is based upon the absorption of ionizing radiation in a material, which will vary depending on the density and thickness of a material (Broberg, 2011). Broberg states that when a defect is present in a material, its absorption rate will vary from the base material, hence becoming visible in a radiographic test. One of the main volumetric testing methods, along with UT, RT is useful for when UT is not strong enough to penetrate the thickness of a material. RT is also favourable in other situations, for instance RT provides a permanent reference for the internal soundness of the object that is being tested (Dwivedi, et al., 2017). RT emits either short-wave-X or gamma rays and directs it at the part in question. Furthermore, Dwivedi specifically states that an x-ray has the ability to penetrate metals, however due to them a sensitivity nominally 2% of the materials thickness, i.e. void detection up to 0.5mm in a 25mm thick piece of steel, parts will often be tested in different planes. Multiple plane radiography tests are further supported due to thin cracks that do not show up unless the x-rays run parallel to the plane of the crack.
RT highlights defects by aiming its rays at an object and capturing the rate of penetration possible through that object on photographic film. A high density/thicker object absorbs more radiation causing a reduced amount to hit the film on the other side resulting in a lighter image as shown in Figure 11.
[image: ][bookmark: _Toc24183953]Figure 11 - X-Ray Shadowgraph (Achterkirchen, 2014)

[image: Figure 8]Therefore, defects within an object will result in a less dense area internally where the defect is situated, which produces a slightly darker mark on the film indicating a discontinuity which may be deemed a defect as shown in Figure 12.[bookmark: _Toc24183954]Figure 12 - Varying Levels of Radiation With Defects (The American Society for Non-Destructive Testing, 2019)


A x-ray image cannot be seen immediately, it needs to be developed. The initial unseeable image is refered to as the latent image (The British Institute of Non-Destructive Testing, 2015) and the quality of the resulting image once developed is dependant on three considerations:
· Density – Simply the degree of blackness on a radiograph. Further evidence suggests there is a minimum and maximum amount in order to make the results clearly visible at the desired sensitivity. Most densities are within boundary conditions of 1.5-3.5 and as they are a ratio of the following equation, they have no units. 

Wherby:
Incident Light – Measures the light falling on to the object where how light or dark the object is has no bearing on the exposure reading (Sekonic, 2019). 
Transmitted Light – The amount of light wave able to pass all the way through a material without being absorbed (Wood, 2017)

· Contrast – Contrast is the amount of difference between two or more images where black and white would be considered high contract, and tones of a similar shade would be low contrast. In terms of RT, it is the difference in densities. Black and white images would be considered as a high contrast as the properties of the test subject is showing a large degree of differenc ein desnity, wherby simialr shades show similar densities i.e. low contrast. The BINDT (2015) states that contrast can be enahnced to provide a clearer image by altering the film used and the developing process used dependant on the tested component itself, screens, filters and the wavelength of radiation used/required.
· Definition – The degree of sharpness on the far edges of the density region i.e. the sharpness of the boundaries on the radiographed image. The definition can be adjusted by controlling the focal spot of the x-ray to be as small as possible, reducing the distance between the object and the film but increasing the distance between the radtiona source and the object that is being tested.

[bookmark: _Toc24183936]3.3.2 Advantages and disadvantages of RT
When compared to other NDT techniques, RT has the following:
Advantages
· Can perform NDT testing into thicker materials compared to that of UT.
· Deeper penetration capabilities enable detection of internal flaws.
· Creates a permanent long-lasting image of test for future inspection.
· Internal images can be gathered for assembled units without deconstruction required.
· Radiographic testing improves quality of welds by highlighting corrosion, slag, undercut and stress cracking present in weld joints as shown in Figure 13.

[image: ][bookmark: _Toc24183955]Figure 13 - Radiography NDT Highlighting Flaws in a Welded Joint (Achterkirchen, 2014)

Disadvantages
· Considerable Health and Safety concerns when using radiation equipment involved with RT. With over forty years of application in industry, the safety record with radiography is very good, with negligible risk to the public or risk on the workers. However, bad practice examples have been published and a high dosage rate of exposure can result in injuries within minutes or even seconds.
· Results are delayed by the development time and experience required to produce high quality imagery.
· Inexperienced workers may use incorrect film or filters, r operational boundaries of which detection of defects may not be thorough.
· Traditional equipment is large and bulky, not portable. Portable methods are expensive to purchase and require a new skillset to set up and operate correctly requiring further training.


[bookmark: _Toc24183937]3.3.3 Potential sources of error with RT and assumptions that need to be made
	Potential Sources for Error
	Reasoning

	Incorrect operating boundaries used
	Inexperience or human errors of another nature can result in incorrect testing procedures and therefore unreliable results may occur, possibility of unclear imagery developed and defects being missed.

	Single plane testing
	Cracks or defects of a smaller scale can be missed if not tested on multiple planes.

	Surface Preparation
	Welds being tested need to be sufficiently free from irregularities or dirt that may mask or interfere with the resulting image produced from the test.

	Calibration Standards
	Equipment must be regularly calibrated and verified to be in full working order. Also, the density reading of the resulting image can be measured using a densitometer to ensure the results are accurate.

	Defect Detection and Human Error
	Stated by   it is generally accepted industry wide that during test calibration a number of small wires are tested and the smallest wire that can be detected for a minimum continuous length of 10mm provides the reliable capabilities of the current set up. Therefore, incorrect calibration at a previous stage may result in smaller defects being missed upon visual inspection whether due to clarity, test failing or human error.


[bookmark: _Toc24184102]Table 8 - Potential sources of error with RT



[bookmark: _Toc24183938]3.3.4 Typical applications that use RT
	Application
	Use of Application

	Airport Security
	 Real-time x-ray systems are used to scan baggage, packages and passengers to ensure security and safety is maintained to a high level.


	Aircraft Industry
	Neutron radiography used to inspect water entrapment and corrosion in aircraft wings.


	Explosives
	Neutron radiography ideal for locating light material within dense materials, i.e. explosives inside a metal casing/shell.


	Fabrication
	Radiography can benefit inspection on welds and castings. RT can be utilised to inspect small, thin wall tubing welds that commonly contain defects such as porosity.



[bookmark: _Toc24184103]Table 9 - Applications of RT

[bookmark: _Toc24183939]3.3.5 Explain how the results of RT can be used to improve stress analysis
Stress analysis with NDT is commonly discussed around the effects on a component or material during fluctuations in the loads placed upon it. Often looking at components such as bolts and fixtures, however stress analysis on wear and tear of components over time such as the inside of a pipe system is equally crucial. Due to the nature of a piping system, the internal walls are enclosed and therefore inaccessible unless damaged or split. However, RT is an NDT method whereby the condition of the piping system can be inspected without causing the any compromising damage to the pipe. Due to increases in temperature and the expansion/contraction witnessed in the atom make-up of metals, piping will over time inherit related issues as shown in Figure 14 where an internal crack has become present. Using RT, as stated by Basavaraju and Sun (2004) can inspect if any cracks, change in material properties or potential developing issues are becoming present. This allows to therefore safely plan a repair strategy to prevent the stress overcoming the weakness and causing further damage or safety implications.
[image: Image result for internal cracks x ray piping][bookmark: _Toc24183956]Figure 14 - Radiographic NDT revealing internal crack inside a pipe (Vidisco, 2019)

When considering the automotive industry, RT is applicable in circumstances where the casting development of the block and head manufacturing process is to reduce material required while maintaining operational efficiencies and safeties. Radioscopy can focus on mass production issues and the internal stress analysis of the castings is critical to the product, therefore without having to destroy the tested block, X-rays allow visual guidance and inspection of any internal flaws as shown on the aluminium casting in Figure 15.
[image: Image result for radiographic testing of car engine][bookmark: _Toc24183957]Figure 15 - X-Ray NDT imagery on an aluminium casting from an internal combustion engine (VisiConsult, 2019)


[image: Image result for radiographic images of car engine][bookmark: _Toc24183958]Figure 16 - X-Ray image (head on profile) of an internal combustion engine (Shutterstock, 2019)




















[bookmark: _Toc24183940]4. Conclusion
This report highlights that through non-destructive testing methods the scope of material usage and capabilities has changed dramatically over the years. Composite materials are being developed and tested to provide increased strength, reliability and reduce potential downfalls in industry due to there impressive properties. NDT has provided an increase in safety both by improving and continuously ensuring high quality produce, and by allowing maintenance to consistently monitor and inspect any wear on components and act accordingly prior to a failure.
NDT has reduced costs for manufacturers by ensuring quality remains high while material usage remains as low as is feasible, this is through testing materials and components to their limits in order to assess new ways to manufacture goods cheaper while maintaining the original properties required.
NDT has also reduced time constraints on inspecting materials and production, sealed components with internal components can be inspected and tested without having to be disassembled and this results in more tests being performed which will ensure quality failures are spotted quicker and corrected immediately. This has a large impact on the future customers who receive high quality goods, on time, with uniformed and reliable delivery which will drive future sales for the manufacturer.
When considering methods of NDT, it is apparent that each method has its strengths and drawbacks. This requires a company to ensure training and skills of the operating personnel to be of a high standard so that not only is the correct NDT method chosen but is also carried out correctly to provide accurate feedback. The cost implications for such thorough operations are heavily outweighed by the costs associated with high failure rate in produce and the knock-on effects to correct those issues and compensate future customers. 
With everything considered, NDT has become a critical part of manufacturing in every area of industry, whereby quality and safety can be considered to go hand in hand, where a quality product is a safe one.
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[bookmark: _Toc24183942]6. Glossary of Technical Terms
Anisotropic – An object or substance that has a physical property which varies in value when measured in different directions. i.e. Wood is anisotropic because it is stronger along the grain than across it.
Magnetic flux – The magnetic flux can be obtained at a specific area perpendicular to the flux when the flux density is homogenous. In simplified terms it describes how many magnetic field lines that are passing through a material.
Magnetic Leakage Field - Because air magnetic permeability is much lower than ferromagnetic materials, magnetic induction line will give priority to with high magnetic permeability, it forces magnetic induction line pass around defect and form a compression of magnetic induction line when defects exist on ferromagnetic workpiece. However due to the limitation number of magnetic induction lines that defect accommodated, magnetic induction line repels each other, therefore, a part of the magnetic induction line will through defects of discontinuous, by-pass defects and back to the workpiece, finally form a leakage magnetic field.
Non-homogeneous – Composed of parts or elements that are not all of the same kind.
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2.3 NDT vs Traditional Techniques
Fig. 32.5 Fatigue test sample a) Schematic diagram of standard fatigue test sample with
continuous radius between ends and b) photograph of typical specimen

NDT provides manufacturers with many benefits without comprising the integrity of the components
being tested. There are however, circumstances where material tensile limits require being pushed
tofailure in order to gain a wider amount of data providing evidence on the performance of the
component under stress. Destructive testing becomes redundant when a component that is in situ

requires testing which cannot be removed or destroyed. For example, pipework, infrastructure and

critical costly components will deteriorate and safety inspections will be required as normal.

An example of a materials properties that destructive testing will establish is fatigue. Testing for

fatigue will indicate maximunn stress, stress amplitude and a stress range for infinite life of the

component at a specific loading in desired conditions (IDC Technologies, 2008).

2.3.1 Radiography Testing No.of cycles

This report discusses radiography and its dated history within industry further in the report.

However modern methods of this technique have been developed over the years which bring one of Fig. 32.6 Typical data on fatigue test showing peak ltimate Vs, number of

the oldest methods of NDT into the modern testing environment. Modern developments of this cycle relationship for structure steel

technology are discussed in Table 2.
323 Fracture toughness

Modern Radiography Altematives Process Description

The resistance to fracture conversely resistance to crack growth is known as fracture
toughness and is measured using various parameters such as a) stress intensity around

the crack tip (K), opening of crack mouth also called crack tip opening displacement
(CTOD) and energy requirement for growth of crack (J or G). The mechanical properties.
namely yield strength and ductility and thickness of the weld joint under study primarily
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4.1 Ultrasonic Testing (UT)
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obial prticemorion (4%, 1994) /aves are generated at an incident angle in which the parallel component of the  Grain Ne

2. Plate waves  lats waves, o Lam Waves o hey e o reerd (o whichar the most elocity of the wave in the source is equal to the velocity of the wave in the test Referen
commenly used pate waves in NOT, aresimilar (0 sufoce woves They are usedtonspect Imaterial. Lamb waves wil travel several meters in steel and so are useful to scan

thin plates of oy o few wavelengths in thickness (Sl Commons, 2016). Lamb waves ore.
complex vibrations that propagate paralie 1 the material being tested and must trovel

throughout the entire thickness (NDT Resource Center, 2019). Propagation of Lamb waves s
dependent on the density and elasticity of the material being tested. ith Lamb waves, a number of modes of particle

ibration are possible, but the two most common
|are symmetrical and asymmetrical. The complex
Imotion of the particles is similar to the elliptical

rbits for surface waves. Symmetrical Lamb waves
Imove in a symmetrical fashion about the median
lplane of the plate. This is sometimes called the
Extenslanal mode because the wave is “stretching

late, wire, and tubes.

nd compressing’ the plate in the wave motion
rection. Wave motion in the symmetrical mode is : N/
Imost efficiently produced when the exciting force is  asymmetric Symmetric
lparallel to the plate. The asymmetrical Lamb wave
imode s often called the “flexural mode” because a large portion of the motion moves
in a normal direction to the plate, and a little motion occurs in the direction parallel to
fthe plate. In this mode, the body of the plate bends as the two surfaces move in the
lsame direction

q

[The generation of waves using both piezoelectric transducers and electromagnetic
rrvistic fransdncers (FMATS) ara discisser in later sections
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R These are similar to tramsverse waves but differ in that they do mot
| Aaron Pritchard — 151481 penecrate below che sucface by more than one wavelengih, and have a
] Selocity of 25 less than transverse waves
] ‘Shear fostiit/modulus i steted by Helmenstine (Helmenstine, 2019) s the ratioofshear
stress to sheor strain. In metols, 0 moterai shear elostity decreases os s temperature The particle motions of surface waves are a combination of longitudinal
E Trreases (Wareh, 1956) na cransverse waves and thus follow = folling or orbital parcicle
K 5. Surtace waves - Sl to shea waves however penetaton ofsurface waves s ony one motion, (Figure 20).
R wavelength deep, their velocity is aiso 2% less than that of shear waves. Surface waves Each material has a unique speed of sound for each type of sound wave
B behave with o cominaton of ongitudinaland Shear waves therefore they folow a roling or el "ne velocity of sound (sransverse) is spproximately half che
] erbital partice marion (HSE, 1934 velocity of sound (Longitudinal) in the same material. Refer to cable
below
] 4. patewaves- Plates waves are..
R Material Conprassion
o Velocity
] fres
K Velociy isdescribed inthe Oxtord Dictionary (2001 a the speed of somethingina given direction’ aix 3322
i When considerng speciic materia chices, tis is 3 value that can ahter dependant on the sound| Aluminium 6,400
K Waves present. .. the velociy of sound i ongitudina vavesis approimatelynal the velocity of Brass (10-30) 4,372
b Sound witnessed i tht of shear waves when I th same matera.Tisveloity navaiety of cost 1mon 3300
oppe: 5
E material compositons i highlighted n Figure 2. Copr o
] Tron 5,957
B Lesa 2,400
] | oi1 1450
E Pezspex 2,740
ki Steelmila 5,960
E Steel- scainlest 5,740
E Wacer 1,480
- Tungsten 5174
q zine 4170
] Zirconium 4,650
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fuctive Testing (NDT) - Guidance Document: An Itroduction to NOT Common Methods

 Surface must be accessible and contact possible for ultrasound to be transmitted and
accurate.

oo 0 use howerer extensive traning compered o cher NOT methods In Figure 3.13,probe A s 0" compression probe and s unlikely to detect the crack because very

= Inaccurate and hard to use on materials which are rough, extremely small, exceptionally thin little,if any, energy will be reflected back to the probe from the crack. Probe Bis a 45° angle-beam
orirmegular inshape, .. cast tems. shear wave probe and will easily detect the crack.
* Defects running paralel t the sound waves may g0 undetected dus to thir minimal Angle beam probes can contain either single or double-crystals and at various frequencies.

disruption to the pulse and echo.
+ Resus are determined by specific reference standard requirements or both equipment
caliration and part olerances with acceptable/unacceptable iaw size.

A

DS B3 210

41,3 Potential sources of error and assumptions that need to be made
Potental Sources for Error Reasoning

Defect Orientation
Caliration and Equipment Accuracy
= Incorrect Equipment ncorrect Probe —
Incorrect Transdlucer -

Discontinuity (crack)

4.1.4 Typical applications that use this technique. Figure 3.13 - Probe A is unlikely to detect the crack as little or no energy will be reflected back.
Probe B will detect the crack

3153 Probelead
Aprobe lead s required to connect the flaw detector to the probe. Itis a length of coaxial cable with
a specific connector on each end.

3154 Couplant

Couplant is sed to allow the efficient transfer of ultrasonic energy between the probe and the

component. If the probe was placed on a dry component, then there would be an air-gap, which  ~
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4.1.5 Explain how the results of this NDT can be used to improve stress analysis
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This diagram shows the orientation of the atomic
moments or magnetic dipoles in a feromagnetic
material exposed to a magnetizing force.
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Waaneticparticetestings  reatvey simple non-destuctive testing (NOT) technique that can be usedin th detection ofsurface
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B B Description of the method

611 Basicprinciples

& Magnetic particetesting is an NDT method in which 2 magnetic fied s reated in a component at and just

K belowthe surface of the material.

Any discontinuites, such as crack,that inersect the magnetic el lines ot 0° (his willgive the maximum

response,but theintesect angle can be as low as 5" and st give  response) can be highlighted with the

application of detection media.

2 Magnetic Particle Testing (MT) A crock i the path ofthe magneticfieldlines o lux act ke a barrer.To get past this batir the fuxjumps

421 The scientific principles behind the technique. over the crack o continue on it path Th site where the fluxleaves the metal surface tojump ove the crack

| s called a flux leakage.

‘The detection media applied o highight the crack can b liquid based,tisis clled ik, or a dry powder. Both

are,in essence,very small ferromagnetic partices,either dy or suspendied iniquid.

When the detection mediumis applied to surfoce that contains  flux eakage rom adiscontinity the small

422 Advantages and disadvantages of the techrique. ferromagnetic particies re pulld n, attracted by the flux eakage, and form what s called a indication - see
Figure 6.1

When  componentis being inspected using magnetic particetesting, the operatorslooking for the resence

of these indications.

(RN

Faily strong concentrated flux leakage ield
4.2.3 Potential sources of error and assumptions that need to be made

\
Potental Sources for Error Reasoning Weakand difiused luxleakage field |

Figure 6.1 - How discontinuities lead to flux leakages

P T R T R PYRTS

612 Magnetic properties of materials
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MT is based on the magnetic mark of magnetic particle formation on a workpiece surface, created
by magentic leakage field which as a result exposes the characteristics of any defects within the
‘workpiece (Lin, et ., 2013). When discontinuities are detected, such as cracks, Professor Robert
‘Smith of the BINDT (2015) states that it is due to them intersecting the magnetic field lines and MT
can detect cracks from any intersection angle typically between 45-90° and s highlighted using
detection medi

Magnetic Particle Inspection (MPI) is the economical and comparative faster non-destructive
test method used widely in Aerospace, Locomotive, automotive, power generation, nuclear,
petrochemical industries. The most common examples are testing of crank shafts, cam shafts,
connecting rods, engine gears, landing gear, bearing caps, engine blocks, motor shafts, engine bolts,
nuts, washers, threaded bars, studs, piping joints ( fabricated joints, welds) in power generation and
petrochemical industries, etc.

!

i strong concentrated fluxleakage field

T
R

Sd=

Figure 6.1 - How discontinuities lead to flux leakages

Finure 4 - MT discontiniiesfeoin o i ke (The Aitish nsitute of Non-Destructive Testing 20151
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Fig.1 Magnetic mark displays formed by leakage magnetic field attracts

1.2 Magnetic leakage field distribution in defect

After ferromagnetic workpiece magnetized, the N pole and S pole formed by lines of magnetic
force magnetize on defect or on interface where magnetic line changes, magnetic powder on the
surface is layer-by-layer arranged along the leakage magnetic field, then a magnetic marks display
is formed[2] (refer with:Fig.1).

13 Factors impact magnetic leakage field

‘The factors impact magnetic leakage field are the plus magnetic field strength, the defect extension
direction, the defect position, defect depth width ratio, the surface coating , the materials and state
of workpiece, etc.

2 MAGNETIC MARKS RECORD METHODS

There are some methods are used to record magnetic marks display following as photography,
stickers printing, rubber mold, copying and peeling coating, etc.(DPhotography. When the defect
magnetic mark is recorded by photography, the picture and actual size of workpiece should be shot
as far as possible, or shoot a characteristic part of workpiece with a scale for reference. If black
powder is used, a layer of contrast enhancement agents on the surface should be sprayed to shoot
clear defect photos of magnetic marks. If fluorescent magnetic powder is used, a filter on lens
should be added to filter the black light scattering and let other visible light enter into lens.©)
Stickers printing. It is a copy magnetic mark record method to use transparent sticky tape. After
magnetic scar formed, excess magnetic powder should be rinsed off gently, a transparent sticky tape
is used to paste copy magnetic marks display after magnetic marks dry. @Rubber mold. Magnetic
marks display of detect using magnetic powder defect detection-rubber mold method is intuitive,
strong and preservation for a long time.@Peeling coating. Spray a layer of quick drying and
peelable coating on the workpiece surface which has magnetic defect marks, strip to save afier

ing 6Cop position, the shape, the size and the quantity of the defect magnetic mark

16:40
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removal if situated within a larger unit.

Disadvantages

Only applicable to ferromagnetic materials.

AaBbCcDe | AaBbCeD: AaBbC(

Due to potential defect orientation and sizing, complete testing requires two magnetic fields

90° apart in individual tests,

Cleaning often required after testing to free the component of any residual powder.

‘Some testing can require high electric currents which may
performed incorrectly resulting in scrappage after testing.

resultin burns on the part if

3.2.3 Potential sources of error with MT and assumptions that need to be made

2l B

Potential Sources for Error

Reasoning

3.2.4 Typical applications within manufacturing that use MT

‘Application

Use of Application

Aerospace Industry

Power Generation Industries

Petrochemical Industries

Nuclear Industry

Paget7or21 3n2éwords  [F

Engish (United Kingdom)

H P Type here to search

3.2.5 How the results of MT can be used to improve stress analysis

&

‘environment under black Tight (OV) o™ reveal local

indications. Al indications were identified as relevant
or non-relevant. Surface discontinuities showing a
sharp indication were determined and photographs of
results were taken and recorded.

Following examination, the mounting bolts were
demagnetized to remove residual magnetic fields by
use of AC demagnetization. Demagnetization process
is generally necessary, because residual magnetic
field on the components being inspected may interfere

were cleaned by suitable solvent and air blower.

Fig. 12 and Fig. 13 shows the photos which were
taken while examination. As it can be seen in these
photos, there were some sharp indications which were
glowing regions on the bolts. These indications were
determined as cracks and some cormosion products.
‘These bolts were rejected to retum service.

Fig. 12 Indication of cracks on a bolt

Fig.13. Schematic Indication of cracks on a bolt

IMESTN42351966

‘examination. These indications were defermined as

2 magnetic flux leakage fields. Because, the fluorescent  cracks and some corrosion products. These bolts were

Paste . S N TNormal | No Spacing Heading 1 Editing Create and Share Request magnetic particles has better visibility for indications of rejected to retum service. Detailed microscopy and

- ¥ A-F-A-ma- AN ER ALY - Adobe PDF  Signatures defects in a dark environment under black light (UV). chemical analysis is required to determine exact cause
Clipboard Font 5 Paragraph 5 Styes 5 Adobe Acrobat ~ The mounting bolts parts were examined for  of these discontinuities.

Magnetic Particle Inspection method has proven
reliable for being fast and relatively easy NDI method
to apply. These characteristics make MPI one of the
most widely utiized non-destructive testing methods
for detecting surface and near surface discontinuities
of ferromagnetic materials.
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332 Advantages and disadvantages of RT
‘When compared to other NDT techniques, RT has the following:

Advantages
+ Can perform NDT testing nto thicker materials compared to that f UT.
+ Deeper penetration capabilties enable detection of internal flavis.
+ Creates a permanent ong-asting image oftestfor future nspection
+ Internal images can be gathered for assembled units without deconstruction required.

« Radiographic testing improves auality of welds, this is due to ???

Disacvertages

+ Considerabie Health and Safety concerns when Lsingradition equipment nvolved th R,
Withover forty years of application inincustry the safey record with radiography isvery
€90, with neglige sk tothe public sk on the workers. However, bad practice
examples have been pubished and 2 high dosag rate o exposure can resut n inuries
within minutes or even seconds.

+ Resuits are delayed by the development time and exprience required o produce hgh
quaity imagery.

+ Inexperienced workers may us incorrec im o fikers,  operaional boundaries of which Corrosion, Slag, Undercut and stress cracking in welded joints
detection of defects may ot be thorough.

Gallery of x-ray images showing flaws typically seen in NDT studies of oil and gas facilities -
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