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Task number, task detail and grading criterion/criteria covered
Task 1: evidence for P6
Task 2: evidence for P7
Task 3: evidence for P8
Task 4: evidence for M2
Task 5: evidence for M3
Task 6: evidence for D2
This sample provides guidance and some indicative answers for most tasks in this assignment.
Grade/Level 
The work could lead to the achievement of grading criteria P6, P7, P8, M2, M3 and D2.
SAMPLE Answer
Task 1
Ductile/brittle fracture
(Learner should include diagrams that show necking, micro-cavity and 45° cup/cone for ductile fracture. For brittle fracture show the granular, flat surface at 90° to the loading axis.)
Ductile fracture occurs when increasing the load on a material produces elastic deformation followed by plastic deformation. In the case of tensile loading, the cross-section of the material will reduce as plastic deformation takes place, which causes increased stress. Small internal cavities appear and these join up to form a crack which is roughly at 90° to the loading axis. The metal weakens further and fracture finally occurs by simple shear at 45° to the axis of stress (load). Very ductile materials, such as aluminium, will show stretch marks and the surface finish will become dull.
During the plastic deformation phase dislocations cause slip to occur in the crystal structure of the metal.
Brittle fracture is normally associated with non-metals such as glass and thermosetting polymers but will occur in metals that are very hard and have little toughness. Failure occurs when the bonds holding the atoms together become strained elastically due to the application of stress/force. If this force increases too much, or is applied as an impact the bonds will snap and the elastic energy stored in them will be released. A crack propagates and grows through the material at 90° to the loading axis. The fractured surface will have a crystalline appearance (almost like looking at fine granulated sugar). There may be a sparkly effect to the surface.
Fatigue
(Learners should present a diagram showing the initial crack zone, clamshell effect and crystalline final fracture. They should also include an example of an SN curve.)
Fatigue failure is caused by fluctuating or cyclic loading. It is propagated by a stress concentration in a material at places where there is a change of cross-section or there is a surface blemish, e.g. a scratch on a polished shaft or a tooling mark. Fractures that occurred due to fatigue have a distinctive surface appearance:
1. the point of origin, which is a smooth elliptical flat area
1. a burnished zone with ribbed/clamshell markings caused by the rubbing together of the surfaces of the crack as it propagates through the material due to stress reversal or changing loading
1. a crystalline area where the final brittle fracture takes place - this occurs when the cross-section of the component is no longer sufficient to carry its design load because of the propagation of the crack.
Creep
(Learners should present diagrams that show primary, secondary and tertiary creep.)
Creep is the gradual extension of a component under a constant applied load.
The lattice structure of a metal is never perfect due to missing atoms; this produces dislocations which will move through the material when stress is applied to it. An analogy is a carpet that has not been laid properly and has air pockets between itself and the floor. Working out from the centre these can be ‘shuffled’ to the edges and the carpet will now appear to have become slightly bigger in size. 
The movement of atoms in a material produces a small change of shape (similar to when concrete is poured and tamped down with a vibrator to remove air pockets and to distribute the aggregate more evenly). Metals are made up from grains which have boundaries where they touch together; high stress and temperature make the dislocations more mobile and increase distortion at the grain boundaries. 
Primary and secondary creep are not a problem if monitored properly but once the tertiary phase is reached a material carrying a tensile load will start to stretch because its cross-section is reducing in size and there is an increase in stress, leading to unavoidable ductile failure. 
Creep in polymers is caused by the straightening of the long chain polymers due to tensile stresses acting on them over a period of time. 
Task 2

	Destructive tests
	Non-destructive tests

	Tensile 
	Magnetic eddy current

	Hardness, e.g. Vickers
	Ultrasound

	Impact, e.g. Izod
	Flux leakage

	Torsion
	Dye penetrant

	Creep
	X-ray

	Ductility
	

	Fatigue
	


One test should be selected from each column.
A tracking sheet can be used for each test:


	Ref
	Task
	Signed off

	1
	Choose a material of known composition and condition
	

	2
	Select a test and suitable test piece
	

	3
	Record the dimensions of the test piece (where appropriate) 
	

	4
	Set up the test equipment and material sample – photograph
	

	5
	Perform the test and capture results
	

	6
	Obtain a witness statement confirming competence in carrying out test
	

	7
	Collate the numerical results of the test and any other relevant data 
	

	8
	Record the results so that they can be used for future analysis
	

	9
	Remove the specimen from the test equipment
	


Task 3
Only one degradation process per material is required.
Metal - stress corrosion
When a piece of sheet metal is cold worked, the stress within it will produce regions that are plastically deformed and contain locked-in strain energy. Unless the material is stress relieved by annealing, the regions of highest strain energy become anodic to the rest of the material and, if covered by an electrolyte, an anodic/cathodic cell will be set up. As a result galvanic degradation takes place even in materials such as aluminium, which are thought of as non-corrodible. This corrosion causes fissures to be formed which give rise to cracking.
(Learner should present a diagram here showing a sharp bend in a material, anodic and cathodic regions, electrolyte, e+/e-.)
Additionally, the strain energy due to cold working is greater at the grain boundaries than elsewhere in the distorted crystals. The presence of an electrolyte (liquid or vapour/dampness) will cause intercrystalline corrosion in the anodic regions of the grain boundaries.
Polymer - radiation
Most polymers, but in particular thermoplastics, degrade at normal air temperatures in the presence of oxygen and ultraviolet light unless they have been stabilised. The surface of the material deteriorates, e.g. a dark polymer becomes cloudy and white and there is an increase in brittleness. The radiation energy associated with UV light excites the polymer molecules, making them vibrate to such an extent that the long chain molecules are broken (called scission).
(Learner should present a diagram showing the long chain polymer.)
When the chains are broken, the strength of the material is reduced because the forces of attraction between the molecules are less (van der Waals forces).
Other types of radiation such as X-rays will cause the same effect.
Ceramic - thermal shock
Ceramics are brittle because they are not able to dissipate energy by plastically deforming as would happen in the case of a metal. Cracks propagate easily under the application of stress, leading to sudden failure because of the low fracture toughness.
Thermal shock happens when there is a rapid change in temperature. Ceramic materials have low values of thermal conductivity (porcelain: 0.8 to 1.85 Wm-1K-1) compared to metals (mild steel: 50 Wm-1K-1). When a thermal shock is applied, it produces differential expansion or contraction because of the temperature gradient and this it what causes the material to crack.
(Learner could present a graph of temperature against distance.)
Task 4
Destructive test
The results of a properly conducted tensile test on a metal specimen will produce a range of information that a design engineer could use.
By using a standard specimen and recording its physical dimensions (gauge length and cross-section) the following can be found:
1. Tensile strength = (maximum load/cross section)
1. Yield stress = (load at yield point)/(cross section)
1. Young’s modulus of elasticity E = (stress)/(strain) 
1. Percentage elongation = (extension)/(gauge length) x 100%
1. Percentage reduction in area = (reduction in cross-section at fracture point)/(original cross section) x 100%
[image: clip_image001]The specimen is measured up and placed in a tensile testing machine fitted with a load cell and extensometer.
The load is slowly increased and readings taken.
Measure the necked diameter of the specimen.
Plot force against extension.
From the graph read off yield and maximum 
forces.
Measure the gradient of the graph.
Use this information to calculate the five parameters listed above.
Using the calculated data, the designer can refer to a materials database to confirm that the material tested is to specification. 
When a product is being designed it is important to know how it will react when subjected to loading, e.g. will it deform, fail without warning and be able to absorb impact loads. The results of tensile, hardness and impact tests provide this information.
Non-destructive
Ultrasonic testing can be used to detect flaws in materials and is useful as a quality assurance technique when checking raw materials arriving at a factory. 
If a design engineer is confident that the material being used to manufacture a product is of consistent quality, they can design it with a lower factor of safety - for a given stress level the load-bearing cross-sectional area can be reduced. This is useful when designing components for aeroplanes where minimum mass is a requirement.
The equipment has to be checked/calibrated using reference blocks that contain holes and cavities of known dimensions. Vibrations pass from the probe through the material and are reflected back when they hit flaws, cavities or a bottom surface.
http://www.olympusndt.com/en/ut-flaw
Ultrasonic equipment is also widely used for measuring the thickness of thin materials and surface coatings.
http://www.olympusndt.com/en/35 
When an engineer has designed a complex welded fabrication a flaw test could be used to confirm that the joints have been properly designed and not cracked or distorted during manufacture. If an assembly problem is identified the engineer can then modify their design to eliminate it.
Task 5
Oxidation
Metals corrode by a process which is a type of chemical attack. A commonly found chemical is oxygen, because air contains about 20% of it and when this comes into contact with the surface of a metal, an oxide layer is formed. The process of oxidisation involves a transfer of electrons from the metallic atom to the oxygen atom so that positively charged metallic ions and negatively charged oxygen ions are formed. These oppositely charged ions attract each other and a crystalline oxide layer is formed on the metal surface. On some materials this scale bonds with the surface (it is coherent); on others it flakes off allowing a continuous source of air to touch the surface, causing continuous corrosion. 
(Learner should include a diagram here.)
High temperatures increase the rate of oxidation.
Iron-based materials need air and moisture to make it happen.
Aluminium oxidises very easily but once the film has formed it produces in impervious skin which stops more oxygen getting to the material. If the oxide film is damaged due to abrasion, it will self-repair and this is why products such as saucepans can be made from aluminium. Scratching with a harder metal, such as stainless steel spoon, will not be a problem. For added protection against corrosion, the natural oxide layer can be thickened by an electrolysis process called anodising. This process also makes the oxide layer harder and it can be coloured using dyes, e.g. green, red and yellow.
Copper is another material that corrodes to produce a stable oxide film - in this case a green colour which can look attractive when thin sheets of copper are used to clad buildings.
Plain carbon steel will oxidise (rust) continuously unless surface treated, e.g. painted, which is a problem for two reasons. Rusty surfaces do not look very attractive and are not smooth and where parts slide together - the oxide will lock them together.
http://news.thomasnet.com/images/large/465/465671.jpg 
http://setmar.com/Bridges/Nevius/N-7.jpg 
If the material is used as a load-bearing component, corrosion will cause a reduction in load-bearing area and may result in mechanical failure. 
Ageing
Polymers age due to their interaction with oxygen and ultraviolet radiation. They become brittle, discolour and may also suffer surface de-lamination. 
To prevent this happening to rigid PVC that is used for windows, cladding and other external parts on houses, a UV radiation absorber is incorporated into the material. This converts the UV radiation into light of longer wavelengths that does not attack the long chain molecules.
One way to see the effects of UV ageing is to take two empty plastic ice cream containers and leave one out in strong sunlight for a few months whilst keeping the other indoors. The container exposed to the sun light will go brittle and become unusable.
Ageing problems with the thermosetting polymer phenol formaldehyde (bakelite) were identified many years ago by car makers when soft tops driven by people in very sunny climates experienced dash boards which cracked or shattered. Cars were stood in the sun all day with their roofs down absorbing large amounts of UV light.
Natural rubber which is used in the manufacture of car tyres is prone to attack by oxygen, ozone and UV and as well as having the long chain molecules broken, additional cross-links are formed. The broken chains make the material weaker and the additional cross-linking reduces elasticity making the material more brittle. 
(Learner should include a diagram here.)
To prevent this happening, antioxidants and carbon black are added to the material. The carbon black acts as a sunscreen.
Task 6
Evaluate the results of one test procedure
This task builds on the work carried out for Tasks 2 and 4, and the way that evidence is presented will depend on the test procedure chosen.
If, for example, the learner decides to use the results of a tensile test and the material investigated is a coded specimen of known type, they can compare their numerical values with the published ones and evaluate how accurate their results are. 
To make this final task more meaningful, the learner could evaluate results taken for a selection of materials tested by the same procedure but carried out by different people. 
For example:
1. low carbon steel
1. through-hardened high carbon steel
1. aluminium
1. HDPE
1. glass filled nylon.
The results of an ultrasonic test need to be written up in a detailed way and should include screenshots taken from the equipment display device.
Note that it is the results that are being evaluated, not the procedure. However, if the numerical values of properties found by testing do not agree with the published ones for a known (coded) material, the learner may wish to make comment about the procedure and offer suggestions about improving it.
grading comments
This learner evidence meets the requirements for P6, P7, P8, M2, M3 and D2 as all the tasks have been correctly answered.
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