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Get the most from this book



Everyone has to decide their own revision strategy, but it is essential to review your work, learn key facts and test your understanding. These Revision Notes will help you to do that in a planned way, topic by topic. You can check your progress by ticking off each section as you revise.


Track your progress


Use the revision planner on pages iv to ix to plan your revision, topic by topic. Make a note when you have:





•  revised and understood a topic



•  tested yourself



•  practised exam questions and gone online to check your answers and complete the quick quizzes.





You can also keep track of your revision by noting each topic heading in the book. You may find it helpful to add your own notes as you work through each topic.


Features to help you succeed
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Exam tips


Expert tips are given throughout the book to help you polish your exam technique in order to maximise your chances in the exam.
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Typical mistakes


The authors identify the typical mistakes candidates make and explain how you can avoid them.
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Now test yourself


These short, knowledge-based questions provide the first step in testing your learning. Answers are at www.hoddereducation.co.uk/myrevisionnotes
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Definitions and key words


Key terms from the specification are highlighted in bold throughout the book.
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Revision activities


These activities will help you to understand each topic in an interactive way.
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Debates


Debates are highlighted to help you assess arguments and use evidence appropriately.
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Exam practice


Practice exam questions are provided at the end of each part. Use them to consolidate your revision and practise your exam skills.


[image: ]







[image: ]


Summaries


The summaries provide a quick-check bullet list for each topic.
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Online


Go online to try out the extra quick quizzes at www.hoddereducation.co.uk/myrevisionnotes
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1 Materials and their applications





•  Different materials work in different ways, and designers and manufacturers must know about material properties to make sure the product is a success.



•  Selecting the best material will be a compromise of factors such as aesthetics, cost and manufacturing method, as well as disposal and reuse, but the final choice is mostly influenced by product function and the material’s properties.





Mechanical properties of materials


Mechanical properties are associated with how a material reacts to an external force.





•  Compressive strength: the ability to withstand being crushed or shortened by pushing forces (compression).



•  Tensile strength: the ability to resist stretching or pulling forces (tension).



•  Bending strength: the ability to resist forces that may bend the material.



•  Shear strength: the ability to resist sliding forces on a parallel plane.



•  Torsional strength: the ability to withstand twisting forces from applied torque or torsion.



•  Hardness: the ability to resist abrasive wear such as scratching, surface indentation or cutting.



•  Toughness: the ability to absorb impact force without fracture.



•  Plasticity: the ability to be permanently deformed (shaped) and retain the deformed shape.



•  Ductility: the ability to be drawn out under tension, reducing the cross-sectional area without cracking, for example stretching a material into a wire.



•  Malleability: the ability to withstand deformation by compression without cracking; malleability increases with a rise in temperature.



•  Elasticity: the ability to be deformed and then return to the original shape when the force is removed.
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Exam tip


When answering questions that ask about the material properties of products, use the correct term and justify why the property is needed – for example, acrylic is used for car headlight covers as it is transparent; this allows the light to shine through and illuminate the road for the driver.
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Physical properties of materials


Physical properties are associated with the actual make-up or structure of the material. These properties include:





•  Density: the mass of the material in a standard volume of space.



•  Fusibility: the ability of the material to be fused or converted from a solid to a liquid or molten state, usually by heat. Good fusibility is an essential property for a metal being cast.



•  Magnetism: the natural force between objects that causes the material to attract iron or steels.



•  Corrosion/degradation resistance: the ability of the material to withstand environmental attack and decay.
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Key terms


Mechanical properties: properties associated with how a product reacts to an external force.


Physical properties: properties associated with the actual make-up or structure of the material.
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Electrical properties






•  Electrical conductor: allows the flow of electrical current through the material. A good conductor gives very little resistance to the flow of charge.



•  Electrical insulator: does not allow the flow of electricity through the material.





Thermal properties





•  Thermal conductor: allows the transfer of heat energy through the material. A material with high thermal conductivity allows the transfer of heat to occur quickly across the material.



•  Thermal insulator: prevents the transfer of heat through the material.



•  Thermal expansion: the increase in material volume in response to a heat input.
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Optical properties





•  Opaque: prevents light from travelling through.



•  Translucent: allows light through but diffuses the light so that objects appear blurred; frosted glass is an example of a translucent material.



•  Transparent: allows light to pass through easily, which means you can see clearly through the material.
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Typical mistake


Don’t make unjustified statements using generic terms such as ‘strong’. Use technical vocabulary with specific reasons related to the product.
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Now test yourself





1  Define what is meant by the term ‘mechanical property’.



2  Define what is meant by the term ‘physical property’.



3  Name and define three types of mechanical strength properties.



4  Give three material properties and state why each is required for a single-use drinks bottle made from a polymer.



5  Explain why a workshop drill bit needs to be made from a hard material.
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2 Classification of materials


Classification of materials





•  Materials for product design are split into the following classifications: metals, woods, polymers, papers and boards, composites, smart materials and modern materials.



•  Metals, woods and polymers have more than one classification – for example, woods can be hardwood, softwood or manufactured board.



•  Material classification knowledge is needed so that the most appropriate material is selected for specific applications.
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Exam tip


Product analysis and material identification require knowledge of specific materials. Always use the specific name (e.g. low carbon steel) rather than writing ‘metal’.
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You should know the definition of each material classification and be able to name specific materials in each classification.
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Typical mistake


Make sure that you don’t suggest inappropriate materials for products – for example, naming a thermosetting plastic for a supermarket carrier bag. This would be inappropriate for many reasons but one is that carrier bags are often recycled and thermosetting polymers cannot be recycled.
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Now test yourself





1  What classification of material is larch?



2  List the three classifications for metals.



3  Silicone is an example of what classification of material?



4  State the meaning of the term ‘compliant material’ and name the material classification.



5  Define what is meant by the term ‘smart material’, and name two different smart materials.
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3 Methods for investigating and testing materials


Materials testing


Materials testing is used to help select the most appropriate material for a product or application.


When testing different materials, the tests must be comparable (fair):





•  Use the same size of material for each test.



•  Make sure the environmental conditions are the same.



•  Use the same testing equipment and technique (including force applied and position of force).



•  Use one person to take all test measurements.
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Exam tip


State the purpose of the test, accurately label and describe how the test is carried out fairly.
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Simple workshop tests


Simple workshop tests use basic tools and equipment.


Tensile, toughness, hardness, malleability and ductility tests





•  Less deflection under load means the material has more tensile strength.



•  Toughness test: tough materials absorb impact, brittle materials bend or shatter.



•  Hardness test: the material is tested using a dot punch and force from a hammer.



•  The smaller the indent, the harder the material.



•  Malleability and ductility test: when the test piece is bent to an angle of 90 degrees:








•  cracks on the outside indicate a lack of ductility



•  cracks on the inside indicate a lack of malleability.
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Corrosion testing






•  Place equally sized material samples outside in an area exposed to the effects of weather and leave for a set length of time.



•  Materials can then be visually inspected for surface corrosion.





Electrical conductivity test





•  Collect material samples of the same dimensions and mark a set distance to place the multimeter probes. Measure the resistance on the multimeter. The higher the resistance, the lower the conductivity.
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Thermal conductivity test





•  Collect material samples of the same dimensions.



•  Measure a set distance from one end of the material and place a thermometer there.



•  Light a Bunsen burner under the other end of the material.



•  Record the time it takes for the temperature to reach the set point at the other end of the material sample.



•  The shorter the time it takes, the higher the thermal conductivity of the material.
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Typical mistake


Don’t describe an industrial testing method when a workshop testing method is asked for, and remember to explain how the test results are interpreted.
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Industrial tests (A-level only)


Industrial tests are usually carried out in a lab with specific testing machinery, using standardised test pieces of materials.
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Tensile strength





•  A tensometer machine tests for tensile strength.



•  The standard test piece is held in a clamp at each end.



•  One clamp is fixed and the other moves on a worm drive gear mechanism, putting the material under tension.



•  The test piece is stretched, the load and distance travelled is plotted, giving information on elastic limit, yield point, maximum load and final breaking point after ‘necking’.





Toughness





•  The Izod impact test is used to test the toughness of a material.



•  A notched test piece is held vertically in the vice of the machine.



•  A pendulum is released from a set position and swings to strike the test piece.



•  The energy absorbed by the test piece is calculated from the height the pendulum swings to after it hits the test piece.



•  The material that absorbs the most impact is the toughest and gives the least pendulum swing.



•  Brittle materials absorb less energy and the pendulum swings further.
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Hardness





•  The Rockwell, Brinell and Vickers pyramid tests are used to test the hardness of a material.



•  All hardness tests involve a load being applied to a material with the resultant indentation determining the hardness of the material.



•  The smaller the indentation, the harder the material.
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Rockwell test





•  Preload applied to the material sample using a diamond indenter, which breaks through just the surface of the material.



•  Diamond is used because it will not deform under load.



•  Preload is the datum or zero reference position.



•  An additional load is then applied to the test material and held for a predetermined length of time (dwell time).



•  The load is released and the distance between the preload and the applied load is measured.





Brinell test





•  A hardened standard size steel ball is forced into the material’s surface using a pre-set load.



•  The diameter of the indent in the surface is measured.





Vickers pyramid test





•  Used for very hard materials.



•  Uses a diamond square-based pyramid to indent the surface of the material.



•  A microscope is used to measure the size of the indent.
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Key terms


Simple workshop tests use basic tools and equipment.


Industrial tests are usually carried out in a lab with specific testing machinery, using standardised test pieces of materials.


A tensometer machine tests for tensile strength.


Tensile strength test: less deflection under load means the material has more tensile strength.


The Izod impact test tests the toughness of a material.


Toughness test: tough materials absorb impact, brittle materials bend or shatter.


The Rockwell, Brinell and Vickers pyramid tests test the hardness of a material.


Hardness test: the smaller the indent, the harder the material.
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Non-destructive testing (NDT)


Non-destructive testing (NDT) is carried out on products rather than material samples. The product is not destroyed during testing. NDT is used to find defects in the material.


There are two standard NDT methods:





1  ultrasonic (sound waves are pulsed into the material, different sounds indicate faults)



2  x-ray (an x-ray beam passes through the material and an image is projected on to a display screen, allowing the observation of tiny details such as hairline cracks within the material).





Malleability





•  Malleability and ductility can be tested using a bend test. This tests how well a material withstands cracking during one continuous bend.



•  The test piece is placed into a bending machine and held, supported at the ends.



•  A mandrel or plunger loads the test piece at the centre and bends it to a predetermined angle or until the test piece fractures. The material is then inspected.



•  Cracks on the outer bend indicate the level of ductility. A ductile material will have a lot of plastic deformation prior to failure.



•  Cracks on the inside of the bend indicate the level of malleability.





Corrosion


Corrosion testing is similar to that carried out in a workshop test except that the environmental effects are simulated in a lab. Material samples of equal size would be placed into the simulated weather environment and left for a set length of time. Materials can then be inspected for surface corrosion.


Conductivity


Electrical conductivity


The following method can be used to determine the electrical conductivity of materials. Collect material samples of the same dimensions:





•  on the top surface mark a set distance at each end,



•  place a multimeter probe on each mark,



•  measure the resistance,



•  the higher the resistance, the lower the conductivity.





Thermal conductivity


In a thermal conductivity test, using a heat flow meter, a square-shaped material test piece is placed between two temperature controlled plates. The temperature is increased at a controlled rate and the heat flow through the material is measured by heat flow sensors placed on the surface of the material. As the material is heated to a specific temperature, the sensors measure and record the rate of thermal conductivity.
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Key terms


Non-destructive testing (NDT) is carried out on products rather than material samples. The product is not destroyed during testing. NDT is used to find defects in the material. Methods include ultrasonic and x-ray.


Malleability and ductility test: when the test piece is bent to 90 degrees, cracks on the outside indicate a lack of ductility, while cracks on the inside indicate a lack of malleability.


Corrosion testing: samples are placed outside and visually checked for the effects of weather and/or environmental damage.


Electrical conductivity test: test using a multimeter; high resistance means low conductivity.


Thermal conductivity test: use a thermometer at one end and a Bunsen burner under the other end of the material; the shorter the time taken to reach the set temperature, the higher the thermal conductivity of the material.
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Now test yourself





1  Describe the difference between simple workshop tests and industrial tests.



2  Name the three industrial tests that can be used to determine the hardness of a material.



3  Use notes and sketches to describe how a workshop test can determine the hardness of a range of material samples.



4  In the Izod impact test, how is the height the pendulum swings after striking the test piece used to determine the toughness of the material?



5  Name two examples of non-destructive testing (NDT).
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4 Performance characteristics of paper and boards


Types of paper and boards


Stock forms





•  Standard sizes of paper stock forms are from A0 (largest size) to A8 (smallest); each ‘A’ size is half the size of the one previous, for example A4 is half the size of A3.



•  Commercial printers may work with ‘paper – untrimmed sizes’ (raw format A – RA and supplementary raw format A – SRA), which are slightly larger than the standard A sizes and allow for any colour bleeding from printing.



•  Papers are trimmed to size after they have been printed.



•  Paper thickness is measured in grams per square metre (gsm); the lower the gsm, the more lightweight the paper, making it easier to bend, cut and score.
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The performance characteristics


Papers and boards are compliant materials, meaning they can be scored, folded and cut with basic tooling to form items such as nets for packaging.





•  The original source of paper is wood pulp (grey in colour).



•  During manufacture, bleaches are added to make paper whiter.



•  The natural source makes paper and boards suitable for recycling, or if left in landfill they will naturally biodegrade.
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Exam tip


Know the specific names of papers and boards, the products they are used for and why they are used for these products.
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Table 4.1 gives details of the different types of paper and boards, their performance characteristics and applications for different uses.
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Typical mistake


Don’t refer to generic terms such as ‘card’. Be specific – for example, ‘corrugated card’.
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Key terms


Paper stock forms: sizes from A0 (largest size) to A8 (smallest), each ‘A’ size is half the size of the previous one – for example, A4 is half the size of A3.


Grams per square metre (gsm): the measure of paper thickness – the lower the gsm, the more lightweight the paper.


Compliant material: a material that can be scored, folded and cut with basic tooling to form items such as nets for packaging.


Wood pulp: the original source of paper, grey in colour. The natural source makes paper easy to recycle or it will biodegrade.


Corrugated card: usually with carton board outer layers and a corrugated middle layer, to provide impact protection; often used for protective packaging products such as delivery boxes.


Foil-backed and laminated card: card with polymer film or foil applied to provide a water-resistant and/or heat insulating layer; often used for milk and juice cartons. The layer must be removed before recycling the paper pulp.


Metal effect card: high-quality card, often used for gift boxes, which has a thin metal-effect layer applied to the outer surface for enhanced aesthetics.


[image: ]







[image: ]


Now test yourself





1  In a design folio, where would a designer make use of layout paper?



2  When rendering using spirit-based markers, what specific paper type should be used and why?



3  Name the stock form sizes of papers and boards.



4  Explain why moulded paper pulp is used for packing items such as games consoles.



5  Explain why corrugated card is a suitable material for the takeaway pizza box shown in Figure 4.5.
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5 Performance characteristics of polymer-based sheet and film


Performance characteristics of polymer-based sheet and film
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e Ferrous alloys: stainless steel, die stee! (tool steel)

Non-ferrous alloys: bronze, brass, duralumin, pewter

Alloys can also be sub dassified as ferrous alloys

or non-ferrous alloys.

Figure 2.2 Classification of metals with examples of specific materials





OEBPS/OEBPS/images/4-1.gif
Hardwood: a wood from broad-leafed (deciduous)
trees

These trees are generally slow growing and lose their|
leaves in auturmn

Oak, ash, mahogany, teak, birch, beech

WOODSs

Softwood: a wood from a coniferous (cone bearing)|
tree.

These trees are generally fast growing and
tend to be evergreen

Pine, spruce, Douglas fir, redwood, cedar, larch

Manufactured board: a man-made wood-based
composite material

Manufactured boards are available in much larger
sizes than solid wood.

Plywood, marine plywood, aeroply, flexible plywood,
chipboard, MDF

Figure 2.3 Classification of woods with examples of specific materials
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Thermoplastic: a mateial which can be repeatedly
reheated and reshaped, allowing it to be recycled
after ts iniial use.

Thermoplastics have long finear chain molecules
held by van der Waals forces

POLYMERS

Low density polyethylene (LDPE), high density
polyethylene (HDPE), polypropylene (PP), high
impact polystyrene (HIPS), acrylonitrile butadiene.
styrene (ABS), polymethyl methacrylate (PMMA),
polyethylene terephthalate (PET), nylon, rigid and
Tlexible polyvinyl chioride (PVC)

Thermosetting polymer: a material which when
heated undergoes a chemical change whereby the
molecules form rigid cross links. Thermosetting
polymers cannot be reheated and reshaped, even
atvery high temperatures.

Urea formaldehyd (UP), melamine formaldehyde (MF),
polyester resin, epory resin

Elastomer: a material which at room temperature can
be deformed under pressure and then upon release of
the pressure, will retum to its original shape.

Elastomers have weak bonds which allow them to
stretch easily. They can be stretched repeatedly and
upon immediate relese of the stretch, willreturn with
force to the original length

Natural rubber, polybutadiene, neoprene, silicone

Figure 2.4 Classification of polymers with examples of specific materials.
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COMPOSITES

Composite: a material comprised of two or more.
different materials, resulting in a material with
enhanced properties.

Composites can be:

« fibre based (CFRP, GR, fibre concrete)

« particle based (tungsten carbide, concrete)

« sheet based (aluminium composite board,
engineered wood, e.g. glulam).

Carbon fibre reinforced plastic (CFRP), glass fibre.
reinforced plastic (GRP), tungsten carbide, aluminium
composite board, concrete, fibre cement, engineered
wood, eg. glulam

Figure 2.6 Classification of composites with examples of specific materials
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Papers and boards can be described as compliant
materials, meaning that they can be scored, folded
and cut with basic tooling to form items such as nets
for packaging.

PAPERS AND BOARDS

Layout paper, cartridge paper, tracing paper, bleed
proof paper, treated paper, watercolour paper,
corugated card, bleached card, mount board, duplex
card, foil backed and laminated card, metal effect
card, moulded paper pulp

Figure 2.5 Classification of papers and boards with examples of specific

materials
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Smart material: a material whose physical properties Shape memory alloys (SMA), thermochromatic pigment,
change in response to an input or change in the thermochromatic film, phosphorescent pigment,
environment, such as electricty, pressure, temperature photochroric pigment, electroluminescent wire,
orlight. piezo electric material

SMART MATERIALS

Figure 2.7 Classification of smart materials with examples of specific
materials
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Figure 3.1 Simple workshop tensile test for materials
such as polyethylene sheet samples obtained from
carrier bags. The samples are pre-shaped to ensure
that they fall in the correct position.
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Figure 1.1 Mechanical properties: tension,
compression, shear, torsion, bending
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Figure 1.2 Car headlights are made of
transparent acrylic
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Figure 4.1 Paper sizes AO to A8
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Name
Duplex card

Properties/performance character

Made up of two layers of paper, with the exterior often
coated to make it more water-resistant and to give it a
glossy sheen and waxy feel.

ics

Uses
Food packaging such as juice or
milk cartons, disposable cups,
plates

Foil-backed and
laminated card

Card with polymer film or foil applied to provide a
water-resistant and/or heat-insulating layer.

Drinks packaging, milk cartons,
take-away box lids

Metal effect
card

High-quality card with a thin metal effect layer
applied to the outer surface for enhanced aesthetics.
Can be embossed.

Gift boxes and packaging, high-
quality metal effect business.
cards

Moulded paper
pulp

Recycled paper pulp moulded when wet and dried to
a specific shape. Usually smooth on the visible inside
surface and rough textured on the outer surface.

Moulded packaging products,
eco-friendly packaging, egg
boxes, fruit packaging
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lable 4.1 Dirferent types of paper

Name Properties/performance character

Layout paper | Thin translucent paper with a smooth surface.

ics

Uses

Sketching, quick ink, technical
drawing, tracing

Cartridge
paper surface.

Off-white paper, usually with a slightly textured

Sketching, rendering in pencil,
ink and pastel

Tracing paper | Translucent paper, slightly thicker than layout paper.

Copying images when sketching

Bleed-proof
paper colours do not run.

Similar to cartridge paper but it is bleed-proof so

Spirit-based marker rendering

Treated paper | Plain paper with a clear binder or dye layer applied to
help hold the image on the paper surface.

Photographic printing

Watercolour | Available in absorbent, smooth, hot-pressed or the: Watercolour painting

paper more textured cold-pressed and heavily textured rough.

Corrugated | Usually with carton board outer layers and a Protective packaging, model
card corrugated middle layer, giving the material the ability | making, prototyping ideas, food

to provide protection against impact.

packaging such as takeaway boxes

Bleached card | Chemically treated to brighten the surface to make it

suitable for high-quality printing.

Greeting cards, high-quality
packaging

Mount board

rigid board.

Made from compressed fine cotton fibres to produce a

Presenting artwork, picture
mounting, modelling
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Figure 4.3 Egg box made from
moulded paper pulp
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Figure 4.2 Corrugated card
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Figure 4.5
Takeaway pizza box
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Figure 4.4 Disposable paper
cup made from duplex card;
nterior surface waxy





