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ANSWER ALL QUESTIONS 
 
  
1. First Exam Question  (20 marks) 
 
A manufacturer  of a novel snack is required by law to label their product .  The shelf life is significantly enhanced by the product being totally isolated from atmospheric water vapour and the marketing of the product requires the ability to present eye catching designs on the packaging to the consumers.  Profit margins are tight in an extremely competitive market.  The branding of this product involves appealing to outdoor types who also care about the environment. 
 
Describe the requirements in terms of material properties.  Discuss a number potential material choices for the packaging. These choices may be for a single material or for a compound solution.  For each potential solution be clear to outline the environmental 
impact as well as impact of profits and the ability to function/communicate as required. 
 
(20 Marks) 
The manufacturer requires the snack packaging to be watertight to either repel water weakening the packaging from rain or damp storage, it may also contain the liquid such capri sun or monster energy and needs to be water tight to hold the water in if it requires a certain moisture to keep the snack to a good quality. Depending on what snack it is it may also require to be airtight, some snacks go off quicker than others with some needing resealable packaging, for say cheese. The packaging is also required to be tough and resilient to damage. For example, if the material for a tin can it would need be able to take an impact if it fell in transit not to cause a mess or contaminate other products. The manufacturer also requires the packaging to be non-reactive to the material. If the snack had a high level of acid, it may corrode the packaging making it pointless for example some crisps with high acid concentrations, if it was a paper packaging for sweets it may not do so well with a snack high in fat as the fat may lead to the paper being damaged. As per the instruction in the question this must also be friendly to the environment, such things as aluminium which can be easily recyclable and is broken down relatively quickly as compared to plastics. The requirements also specify that the material needs to easily be labelled, for example a can of tomatoes made from tin with a plastic wrapped round it to label it. The material needs to be relatively cheap and widely available as if it is not widely available in an area it will increase costs. 

Plastic
Plastic is an easy choice as its cheap, watertight/airtight, with a high level of duablity however if the plastics do not breakdown easily, baring in mind these are outdoor types who care about the environment they would actively seek to be able to place the rubbish into recycling bins instead littering. If they were going to litter or want an easier way of disposal then another solution would be needed. In japan they are developing new technology to create plastic from plant material, using polylactic acid this would be the best case however as it is a new technology it would be expensive. The cost against advantage would need to be weighed for this. If this plant based plastic was widely available it would be the best case scenario for packaging of snacks.

Aluminium 
Aluminium is a safer bet its relatively cheap light to be able to carry, it is air tight and preserves shelf life, aluminium is easily recyclable and can be coated with a spray on the inside which would stop the food interacting with the metal in this case. This could also be used for liquids with capri sun. Aluminium is easily marked for packaging and is used for cans and crisps all the time.
 
Steel containers
Steel is a lot heavier than either of the previous products however it is around the same price range, this would be more suitable if it was for a barrel of beer which was to be used for  a bbq outdoor which could be easily recyclable large container of fluid easily produced and would efficiently. This is because there would be one container which would require one person to be responsible for the container which would allow it to be more economically viable then multiple cans or plastic objects. This can also be the case in cookie jars, or other items you want a tight resealable packaging for long time use, could be cans or anything. 

Glass could used and it is used for chocolate mooses and other desert snacks, it proserves the shape of the desert. It is easily recyclable and relatively lightweight. Its cable to be used for drinks as well. It is cheap and easy to manufacture. However, the material can be shattered and could be a health hazard if dropped or not cleaned up. 


2. Second Exam Question (25 marks). 
 
a. Describe metallic bonding (with diagrams)  Why are metals with a valency of 2 generally stronger than metals with a valency of 1  (4 Marks) 

Metallic bonds aren’t the same as covalent and ionic, the electrons exist in a sea of electrons. The electrons are loose to move, however, as there are more electrons in this sea it increases the electronegativity of the metal increasing

b. Body centred cubic BCC, face centred cubic FCC and Hexagonal close packed HCP are three types of crystal structure found in 
metals, using a diagrams describe these structures.   (6 Marks) 

Body centred cubic this structure has a unit cell which has an atom at its central point, it is surrounded by 8 other atoms in the cells corners. It is made up of 9 atoms all together but in the cell view there are two whole atoms.
As shown below: (I’ll have it drawn as well)
[image: See the source image] 
These cubes are not absolute and sometimes they can have a missing atom (Vacancies) or an extra atom in the cell (interstitials).



FCC (face centred cubic)
This unit cell does not have a central atom it has 4 cells touching each other at the centre and with 4 corner atoms much the same as the BCC. FCC is more compact than the BCC. In FCC there are 14 atoms involved in the structure but only 4 full atoms for the cell unit view. 
[image: See the source image]

HCP (hexagonal close packed)

Hexagonal is made up of 17 atoms in the structure with 6 full atoms in the cell unit. This cell has 3 full atoms at its centre in a triangular shape with 7 atoms above the central atoms aligned in a hexagonal shape and 7 atoms below it in another hexagonal shape. 

Please see below

[image: ] [image: ]


c. What are the packing ratios of HCP, and BCC metallic crystals  (1 Mark) 

BCC= 0.68 or 68% packing ratio
HCP = 0.74 or 74% packing ratio





















d. The following diagram shows the state phase diagram for Titanium-Nickel 
 
 
[image: ] 
 
The phase diagram refers to a titanium which is HCP and b titanium which is BCC.   
 
Pure titanium powder is mixed with pure nickel powder at a weight ratio 97:3 respectively. It is heated to 1800 degrees in a furnace.    
 
Describe the state of the mixture at this temperature.  (1 Mark) 

Liquid
 
The mixture is cooled slowly.  Describe, in as much detail as you can obtain from the diagram the state at : 1650, 800, 600.  (8 Marks) 

At 1650 degrees Celsius the titanium Nickel would begin to form b titanium crystals with the liquid made up of titanium Nickle. As the temperature drops to 800 more b titanium crystals are formed, and the liquid is almost all turned to solid. However, as the temperature decreases and solid b titanium is made in the liquid the percentage of nickel to titanium increases. When this occurs we start to form crystals of Ti2Ni. Furthermore this formation of Ti2Ni it begins to use Titanium and nickel to form these crystals however the majority of the titanium is forming b titanium. There will also be trace amounts of TiNi crystals forming as the concentration of nickel increases as temperature decreases. As temperature drops from 800 to 600 the b titanium crystals will cool form HCC crystal structure as the material become more compact. 
This results in having a huge amounts of pure titanium in a HCC structure, a small amount of Ti2Ni and a trace amount of TiNi.
 
e)As a material changes state on cooling it releases energy.  Draw a sketch graph of temperature against time  if energy (heat) were allowed to leave the system at a constant rate.  (5 Marks) 
 
 
 
3. Third Exam Question (25 Marks) 
 
 
A chassis for a racing car is designed to provide a stiff platform for the suspension system.  From a materials point of view the aim is to maximise stiffness/density while making sure the chassis does not break .   
 
a)According the material selection maps shown below,  what class(es) of materials should be considered in this application.  Explain why you have chosen these classes(5 marks) 
 
[image: ] 


The classes I would consider are Metals and composites. This is because they are stiffer and are stronger, this is due to they have the highest density to youngs module ratio. This means they are stronger with less density comparably to elastomers and foams. This is good because a car chassis, requires to be durable and strong, and they need to be extremely stiff for their weight. A racing car needs to be as light but not too light. They require to be stiff as if there is bend in the material under the high forces the material could break. 

b)Which of these classes would you not actually consider for practical reasons – explain why.  (5 marks) 
 
Foams as they are not stiff at all and are easy to break and would never be able to hold up to the forces required of a car. Natural materials are easily inflammable such as wood and would not be advisable. Elastomers are elastic as per its name and we do not need the chassis to be able to bend at all. 

c) In practice racing car chassis are usually carbon fibre tubs at the expensive end and steel space frames at the lower price range…  Discuss the merits (or otherwise) of these choices (5 marks)  
 
Carbon fibre is light, it has a good youngs modulus ratio to density and it is extremely stiff. It is however expensive as its not as widely available as steel. Steel is strong but its not as stiff as carbon fibre under higher stress it would more likely yield/bend slightly under the stress of hair point turns at high speeds. The weight is also something to take into account it is much heavier compared to carbon fibre. The weight is important specifically for slowing down and turning, the heavier the car the slower the car decelerates around corners and the heavier the car the higher the momentum would make turning and cornering much more difficult. 

d)Steel space frame chassis are usually welded together in a welding fixture.  More expensive ones are brazed.   Analyse what happens to the base metal in a welding process  - How does this affect ductility and fatigue strength.  Why is brazing often deemed a higher quality process for these applications?  (5 Marks) 

The heat affected zone is the area around the base metal which metallurgic changes have taken place changing the properties of the materials. If the weld doesn’t penetrate the join correctly then the join could become a weak point for the material. Brazing is a process to join two metals using a 3rd lower melting point metal as the bonding agent​. Clean surfaces and capillary action is what allows for a strong brazed joints. Capillary action requires good dimensional control of mating surfaces.










e)Discuss two other alternative approaches to joining the members of a space frame chassis to each other (5 Marks) 

 
 Two other types:
· Bonding 
· Forging  
Bonding is the process of joining two materials using glue, it requires clean surfaces and good dimensional control of mating surfaces . the strongest bonding agent requires curing in an oven. The advantages of this are that base material is unaffected by the bonding agent and allows to join two completely different materials.

Forging is the shaping of metal using compressive, localized forces this is the combining of two of the same material into one piece. This requires high heat and high force to break bond in the material and to force bonds to form between the two parent materials.





Fourth Exam Question (24 marks). 
 
       A scuba diver’s air cylinder is rated to hold air at a pressure rating 20MPA. The visible, external length of the cylinder  is 600mm.  Its external diameter is 100mm. 
 
a. From what you know about Scuba diving and how the cylinder might be used, write in your own words a descriptive  paragraph about the requirements for the material.  (6 Marks) 
The cylinder requires to be able to hold pressurised air for long periods of time. The light as to not cause the wearer to sink to into the ocean. It is required to be airtight to not allow air to escape it needs to be affordable to those who want to use it. It needs to be as close to the density of water as possible. It needs to be tough incase it was hit by a rock or something. It needs to be suitable to the water and not rust or oxidise.
In general terms how would you think about the following possible material choices :  (Write a short paragraph reviewing each as a choice)  If you had to choose between one of these four materials, which one would you chose . (8 marks) 
The best material to use is aluminium, it is water tight and not ‘prepregnated’ which implies its not an air tight material. It is light for the user and it easy to hold on their backs. The material needs to be less dense as it needs to float and not sink in the water. It requires to be strong enough to hold 20MPA of oxygen. The aluminium is used for other sports like mountain bike frames which undergo a lot of stress. Aluminium is also used for Aircraft fuselage skins which shows its can deal with high amount of stress from he air.
Both types of steel are unsuitable as their density is too much and could cause the wearer to sink.

	Material 
	Yield strength 
	Density 
	Other usages 

	6062 T6 Aluminium 
	241MPa 
	2.7g/cm3 
 
	Aircraft fuselage skins, Mountain Bike frames 

	Steel Alloy 1020 - Hot rolled 
	210 MPa 
	7.9  g/cm3 
	Car bodies 

	304 stainless steel 
 (UNS S30400) 
	510 MPa 
	7.9  g/cm3 
	Storage tanks, Automotive trim 

	Pre-Pregnated carbon fibre composite 
	1850 MPa 
	1.74  g/cm3 
	Helicopter blades, wind turbines 


 
 
c. The hoop stress in a thin walled cylinder is given by the formula :  
 
[image: ] 
[image: ] 

 
 
 
Write a short appraisal of this design rule to derive the thickness of the cylinder wall :  
 
[image: ] 
 
 (5 Marks) 
 
 
d. Given your material choice and the design rule given above calculate :  
i) the wall thickness of your cylinder,   

ii)If the end caps are 1 kg each calculate the mass of the cylinder  (5 Marks) 
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