Metals

Medium carbon steel
If the steel is pressed or stretched to shape at room temperature this is called cold working and results in the grain structure of the material becoming distorted (the grains are elongated – non-equiaxed). The metal becomes harder and stiffer as a result of this and is said to have work hardened. This change to the properties is useful for items like car bodies; adding styling details to body panels and doors makes them stiffer and less prone to vibration. Too much cold working will make the metal fracture at the places of maximum distortion. 
The internal structure of the steel can be returned to its initial condition by carrying out recrystallisation (annealing). The steel is heated up to about 550°C, soaked for a while and then allowed to cool slowly. The internal crystal structure re-grows, the grains reform to their original equiaxed shapes and the metal regains its original ductility and hardness values.
Adding approximately 18% chromium to the steel produces an alloy with stainless properties.

Aluminium
When aluminium components are heated and forged this is called a hot working process and the mechanical properties of the material such as the hardness are not altered. This is because the process is carried out at a temperature which allows the grain structure of the material to recrystallise.
Aluminium has a low tensile strength but is lightweight. By adding copper to it and carrying out controlled cold working, the tensile strength can be greatly enhanced, which is useful in situations where a high strength to weight ratio is required.

Thermoplastic Polymers

HDPE - injection moulded
If the moulding temperature is too high, a moulding defect known as blistering will occur. The surface of the component will become layered causing de-lamination and the surface finish property will be compromised. 
If the injection speed is too slow, so that the polymer cools down too much, flow marks in the form of wavy patterns will be produced. This is because the long chain polymers are not correctly aligned and this will have an effect on the strength properties of the moulded component.

Polypropylene - injection moulded
If the moulding temperature is too high, burn marks will be produced at points furthest from the gate. The surface finish of a component will be compromised and its wearing properties will not be so good.
If the mould clamping force is too low the flash produced at the mould parting positions will be excessive and cutting it off may damage the component.
If the injection pressure is not held for long enough (the cycle time is too fast) voids will be produced in a component. These small air spaces reduce the strength of the material because in effect it is porous.

Thermosetting Polymers

Phenol formaldehyde - compression moulding
An exact amount of polymer is placed in the die cavity before it is closed. Heat is then applied and this starts the curing process. A chemical process is instigated and cross-links in the form of strong covalent bonds are formed between the polymer molecules - this is called the thermosetting process. The curing temperature and time have to be carefully controlled so that enough cross-links are formed to give the finished material its required strength. If the temperature is too high the material will degrade.

Melamine formaldehyde - transfer moulding
The material being moulded is heated to soften it and then forced, under pressure, into a pre-heated mould. If this operation takes place too slowly the material will start to cure before it has fully filled the cavity, the product will not be properly formed and the strength will be compromised. The moulding pressure and time for which it is applied have to be correct.

Ceramic Materials

Porcelain
In its raw state the clay used to make porcelain products has molecules that are separated by molecules of water, which is what gives the material its plasticity. During firing, the water molecules are driven off and chemical bonds form between the layers of the material. If the water content of the clay is too high components formed from it will not hold their shape, and because the firing process is thermosetting, the clay cannot be softened and recycled.

Cermet (ceramic/metal)
This type of material is produced by the sintering process in which particles of fired clay and metal are mixed and compressed in dies. The sintering press force has to be enough to make the mixture take up the shape of the die cavity and also produce cold welds between the metal particles so that when firing takes place grain growth occurs across the boundaries of these welds. This produces a material which is very hard but also tough and able to operate in service conditions where temperatures are high.

Composite Materials

Carbon fibre reinforced polymer (CFRP)
CFRP consists of stiff, strong fibres bonded together with a polymer or resin matrix. The fibres have high tensile strength that enhances the low stiffness and strength of the resin. The resin’s main purpose is to transmit loads into the stiff brittle fibres and to protect them from damage. When a component is being manufactured, it can be given different strength and stiffness properties by the way that the fibres are aligned, e.g. more fibres placed along the major load-bearing axis. 
Pre-impregnated carbon fibre mats are used to build up layers of finished product. If they are not pressed together properly before curing, or the curing temperature/time is wrong, the finished material will de-laminate in service, resulting in a reduction of tensile strength and stiffness properties.

Titanium carbide cermet
The matrix reinforcement for this material is titanium carbide and by keeping this content low, the material will be brittle but with good tensile strength and creep properties at high temperatures. To produce a variation in properties within a material, non-uniform dispersion of the particles would be carried out before sintering. 

Smart materials

Shape memory alloy (Nickel-titanium)
This material can be formed to shape by applying a force to it so that it plastically deforms but when heated will recover its original dimensions. This property is useful when this material is used for bone reconstruction surgery. Pre-stretched ties are screwed into place and over a period of time the body heat of the patient will cause it to contract, exerting a controlled force on the bones.

Magneto-rheostatic materials
MR materials are fluids which undergo changes in their viscosity (thickness) when exposed to a magnetic field. This type of fluid can undergo a change of viscosity from very low (similar to that of engine oil) to nearly a solid substance within the span of a millisecond when exposed to the field. The effect will be completely reversed just as quickly when the field is removed. A good application for MR fluid is in adjustable dampers/shock absorbers because their resistance can be adjusted by simply altering the strength of the magnetic field.
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