Engineering Level 2 – Material Processing

1 of 17 – Introduction
Welcome to this session on material processing.
By the end of this session, you will be able to:
· Identify a range of material processing techniques
· Describe a range of material processing techniques
· Know which processing techniques are used on key material types
2 of 17 - Material processing
By examining a range of products from different sectors, it is clear that a wide variety of processes are required to get materials to the correct shape before any secondary machining takes place.
These processes include:
· Drawing
· Blending
· Mixing
· Rolling
· Casting
· Metal stamping
· Sintering
· Calendaring
· Extrusion
We will look at these processes in more detail in this session.
3 of 17 – Drawing
Drawing is a process used primarily with metal. It means stretching or pulling the metal into longer, thinner pieces.
There are two main types of drawing:
· Sheet drawing - Pulling the material into thinner, wide pieces
· Wire, bar or tube drawing - Pulling the material into longer, thinner and narrower pieces
As you would expect from the names, sheet drawing produced sheets of metal and wire, bar or tube drawing is used to create metal bars, wires or tubes. 
Wire, bar or tube drawing can be further split into:
· Wire – Producing small diameter metal lengths
· Bar – Producing large diameter bar and rod lengths
· Tube – Producing metal lengths with a hole in the middle
Glass and plastic can also be drawn if they are in a malleable state, which is usually achieved by applying heat before the drawing begins.
4 of 17 - Blending and mixing
Blending, also known as mixing, is the process by which separate materials are thoroughly combined to make a homogenous product. This means that in the final product you cannot identify the original components. 
Materials that are blended together are often originally quite different. The term ‘blending’ is usually used to describe mixes that include solid material, whereas the term ‘mixing’ usually refers to liquid or gaseous combinations. 
Read through the list below to see examples of products that are created by blending or mixing.
· Explosives
· Fertilisers
· Medicines 
· Detergents
· Pre-made baking mixes
5 of 17 – Blending machinery
Because of the wide range of materials that can be blended or mixed together, there is an equally wide range of equipment available to perform these combinations. Most will be classified as one of three types. 
Blenders
Usually for blending solid materials together. Materials are combined using paddles or blades in a stationery container.
Agitators
Usually for missing liquids with other liquids and gases. They mix materials by shaking them whilst also moving rotating impellers or blades inside the mixture. 
Heavy-duty mixers
Used for high-viscosity materials. Particularly useful for non-Newtonian fluids.
6 of 17 – Rolling
Rolling is a process of applying pressure to a material, usually metal, to deform it by squashing it between two rollers. This makes the metal thinner, at a uniform thickness. When rolling, the aim is usually to increase the length of a piece of metal and decrease its thickness, whilst maintaining the width of the original piece. 
Rolling can be performed ‘hot’ or ‘cold’. Hot rolling is performed with heat applied to the metal, whereas cold rolling is carried out at room temperature. Hot rolling raises the temperature of the metal significantly, to the point that its internal structure is modified because of the heat. This means less force is needed to deform hot-rolled metal, though the surface finish is lower than that of cold-rolled metal. 
There are many applications for rolling, including the production of rods, rails, plates, sheets and bars. 
You can read more about the different types of rolling mills and potential production defects on this website.
7 of 17 – Casting
Casting is one of the world’s oldest manufacturing processes. It involves pouring a liquid into a pre-shaped container, then waiting for it to solidify before removing the form to reveal the final product. 
There are many types of casting, including:
· Sand casting – Using a single-use mold made from shaped silica sand
· Investment casting – Using a single-use mold made from wax built up in layers
· Plaster casting – Using a single-use mold made from gypsum plaster
· Die casting – Injecting material at high pressure into a reusable mold
· Centrifugal casting – A reusable mold that spins to produce long, cylindrical castings
Casting is used when the manufacturing process requires many identical parts to be produced. Often the finished cast will require further processing to tidy up edges or remove extra pieces. Although casting often uses molten metal as the material, it can be performed with any liquid material that will solidify. Examples of non-metallic materials that are cast are cement and concrete.
8 of 17 - Metal stamping
Metal stamping is a room-temperature process that uses dies and stamping presses to cut and press sheet metal into different shapes. There are many potential aspects to this process, including:
· Punching
· Blanking
· Embossing
· Coining
· Bending
· Flanging
All of these involve shaping the original sheet material using pressure, creating raised or recessed patterns on the surface or cutting or reshaping the material completely. 
Stamping allows many identical products to be created by repeatedly using the dies and presses on many sheets of material. It is a relatively inexpensive process with low secondary costs, and the high level of automation is not labour-intensive. However, acquiring or machining a die in the first place can be a costly process, so it is most suitable for parts that will be required in large quantity over a long period of time.
9 of 17 – Sintering
Sintering is a process that powdered materials often go through. It involves heating and pressing material to compact it into a single solid mass, without melting the material into a liquid. The process can be applied to many different types of material, including metals, ceramics and plastics. 
Sintering allows for complex shapes to be made without secondary machining operations being required. The process can also reduce the porosity of the original materials whilst increasing the conductivity. This is especially useful when metal powders are being sintered. It is however an expensive process, and the size of the finished products is limited by the size of the sintering chamber. 
A modern process known as direct metal laser sintering is being increasingly used with metal powders to essentially 3D print parts using high-powered lasers and metallic powders. 
Watch this video to see how this works. 
10 of 17 - Calendaring
Calendaring is the process of compressing and smoothly a sheet of material by passing it between pairs of heated rollers known as calendars. The calendar rolls exert heat and pressure on the material, which gives the material a smooth, glossy finish. The heat and pressure levels of the rolls can be modified to alter the effect that the process has on the material.
Calendaring was originally developed to process rubber, though today it is used more frequently to process paper, textiles and plastic sheets or films. Thermoplastics are very commonly processed with calendar rolls, as they soften at a much lower temperature than their melting point so can be easily reshaped by the process without liquifying the plastic.
11 of 17 – Extrusion
Extrusion alters materials by pushing them through a die or form to create new shapes. This is in contrast to drawing, which reforms the material by pulling it. As the material is pushed into the die it emerges on the other side at a consistent cross section. 
A wide range of materials can be extruded, including metals, polymers, ceramics, concrete, clay and even food such as cheese. The end products, known as extrudates, can then be cut into smaller pieces if required.
Extrusion, particularly metal extrusion, can be performed hot or cold. Heating metal as it is being extruded will typically improve the mechanical properties of the part, such as impact resistance, ductility and strength. This is because hot working the metal breaks up irregular structures within the metal and recrystallizes it into a finer grain structure.
Watch this video to see metal extrusion at work. 
12 of 17 - Selecting a material process
Each of the different material processes will create different types of end products and are often more suitable for certain types of material. Although some processes are similar, there will usually be one process that is most ideal for any given desired outcome. 
Can you think of some of the most important considerations when choosing a material process for a job? Read through the list below to see some suggestions.
· Materials to be used
· Number of parts to be made
· Required finish of part
· If secondary processing is required or will take place
· Budget available for equipment
13 of 17 – Question 1
Match the types of blending machinery with the materials they are used to blend. Make a note of your ideas and compare them with the correct answers below.
Types of blending machinery:
1. Blenders
2. Agitators
3. Heavy-duty mixers
To match to the materials, they are used to blend:
A. Usually for mixing liquids with other liquids and gases
B. Used for high-viscosity materials
C. Usually for blending solid materials together
The correct answers are: 
Blenders - Usually for blending solid materials together
Agitators - Usually for mixing liquids with other liquids and gases
Heavy-duty mixers - Used for high-viscosity materials
14 of 17 – Question 2
Sort these types of casting to show which use reusable molds and which use single-use molds. Make a note of your ideas and compare them with the answers below.
Types of casting:
1. Investment casting
2. Die casting
3. Plaster casting
4. Centrifugal casting
5. Sand casting
Sort into either of the following: 
Reusable molds or Single-use molds
The correct answers are: 
Single-use molds
· Sand casting 
· Investment casting
· Plaster casting
Reusable molds
· Die casting
· Centrifugal casting
15 of 17 – Question 3
Complete the sentence.
Sintering involves…?

A. Using a die and press to apply pressure to a sheet of metal to create raised or embossed patterns
B. Heating and pressing material to compact it into a single solid mass, without melting the material into a liquid
C. Passing materials through pairs of heated rollers under pressure, to improve the material’s finish
The correct answer is B. Sintering involves heating and pressing material to compact it into a single solid mass, without melting the material into a liquid.
16 of 17 – Question 4
Indicate if the following statement is true or false.
When choosing a method of material processing, it is not important to consider how many units of an item need to be made. 
The correct answer is false. 
When choosing a method of material processing, it is important to consider how many units of an item will be needed, as this will affect the overall unit cost and time available for production. 
17 of 17 – Conclusion
Well done. You have completed this session on material processing.
You should now be able to:
· Identify a range of material processing techniques
· Describe a range of material processing techniques
· Know which processing techniques are used on key material types
If you have any questions about anything covered in this session, speak to your tutor for more help.
