
Testing: third-party feedback 

The box can be carried and 
dispensed very easily. 

Joe found this box of dominoes very 
eye catching. 
The colours are vivid and bold, which 
meets the most important point in 
my specification that the packaging 
advertises and appeals to the customers 
through the use of bright colours. 

Joe enjoyed playing with the dominoes very much. 
Asking his mother questions helps me to understand 
what the parents of young children want to buy. 
She commented upon the colours - in her opinion each 
number could be a different colour as this would be 
more interesting and develop colour visualisation. 

Product manufacture 

While Joe was playing with these 
dominoes he was thinking about 
getting it right. 
This helps teach children how to count, 
which again meets my specification. 

l Figure 1.19 Part of this student's testing involved third-party feedback provided by a member of the target m arket group (TMG) 
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Qesign and Technology in Practice 

Summary of expectations 
1 What to expect 

In this unit, you will develop your knowledge and 

understanding of a wide range of materials and processes 

used in the field of design and technology. It is important 

for you, as designers, to learn about materials and 

processes so that you can develop a greater understanding 

of how products can be designed and manufactured. You 

will also learn about industrial and commercial practices, 

the importance of quality checks and the health and safety 

issues that have to be considered at all times. 

The knowledge and understanding that you develop in 

this unit can easily be applied to your Unit 1: Portfolio of 

Creative Skills. 

2 How will it be assessed? 

Your knowledge and understanding of topics in this unit 

will be externally assessed through a 1-hour 30-minute 

examination paper set and marked by Edexcel. The exam 

paper will be in the form of a question and answer booklet 

consisting of short-answer and extended-writing type 

questions. 

The total number of marks for the paper is 70. 

3 What will be assessed? 

This unit is divided into four main sections, with 

each sect ion outlining the specific knowledge and 

understanding that you need to learn. 

2.1 Materials and components 
• Materials. 

• Components. 

2.2 Industrial and commercial practice 
• Scale of production. 

• Graphical communication . 

• Computer-generated graphics. 

• Modelling and prototyping . 

• Joining techniques. 

• Industrial and commercial processes. 

• Forming techniques. 

• Finishing processes. 

• Printing processes. 

2.3 Quality 
• Quality assurance systems and quality control in 

production. 

• Quality standards. 

2.4 Health and safety 
• Health and Safety at Work Act (197 4). 

4 How to be successful in this unit 

To be successful in this unit ym. will need to: 

• have a clear understanding of the topics covered in 

this unit 

• apply your knowledge and understanding to a given 

situation or context 

• use specialist technical terminology where appropriate 

• write clear and well-structured answers to the exam 

questions that target the amount of marks available. 

5 How much is it worth? 

This unit is worth 40 per cent of the AS level and 20 per 

cent of the overall fu ll Advanced GCE. 

Unit2 Weighting 

AS level 40% 

Full GCE 20% 

• 



Materials and components ) ---
Materials and components 

Getting started! 

As a designer, you need to know about the properties of a 

wide range of materials and components so you can make 

informed choices about their use in certain products. What is 

the best material for a bike frame, for instance - aluminium 

or carbon fibre? Would the sales of a new perfume increase 

if it were packaged in a trendy acrylic tube rather than a 

traditional cartonboard box? Designers have to make these 

kinds of decisions with every product they design. 

FACTFILE: 0 • @. 
In this section you will need to develop knowledge and 

understanding, where appropriate, of the aesthetic, 

functional and mechanical properties of materials: 

Aesthetic properties 

Functional properties 

Mechanical properties 

1 Materials 

Paper and board 

The visual and tactile qualities 
of a material. 

The qualities a material must 
possess in order to be fit 
for purpose e.g. the correct 
weight, grade, size, etc. 

A material's reaction to 
physical forces e.g. strength, 
plasticity, ductility, hardness, 
brittleness, malleability, etc. 

The production of wood pulp 

Paper and board are produced primarily from hard- and 

softwoods, although other materials can be used such as 

cotton, straw and hemp, producing papers with different 

properties. Wood is made up of cellulose fibres that are 

bound together by a material called lignin. In order to 

produce paper, these fibres must be separated from one 

another to form a mass of individual fibres called wood 

pulp. Softwood fibres are longer, offering greater strength, 

whereas hardwood fibres are shorter, offering a smoother, 

opaque finish . Wood pulp is produced by three basic 

methods: mechanical, chemical or waste. 

Chipping 
machine 

Trees (renewable) Logs 

~ 
Sulphur 
burners 

Bleaching 

Tissue paper 
machine 

Tissue 
converting 
operat ions 

Acid 
towers 

Steam 
plant 

Neutralising 

Bark 
fuel 

Chop 
silos 

Fermenting 

Evaporating 

Pulp drying 
& baling 

Pulp 
customers 

Processing 

Lignin 
products 

Ethyl 
alcohol 

products 

Figure 2.1 The mechanical and chemical production 
of wood pulp. 
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Unit 2: Design and Technology in Practice 

Mechanical pulp - The logs of coniferous trees are 

saturated with water and de-barked. The wood is ground 

down, which softens the lignin, and the mechanised forces 

separate the fibres to form 'groundwood pulp'. This pulp is 

screened to accept 1-2mm pieces, with larger pieces being 

re-circulated for additional screening. The resulting pulp 

can only be used for low-grade paper such as newspaper, 

so the pulp is bleached with peroxide or sodium hydroxide. 

This is the most widely used method in the UK for 

producing wood pulp. 

Chemical pulp -After de-barking, the hard- and softwood 

logs are cut into 2cm chips along the grain. These are 

pounded into fragments and screened. The resulting 

pulp is stored and treated with either an acid or an alkali 

to break down the lignin. Most chemical pulp is made by 

the alkaline kraft process, or sulphate process, which uses 

caustic soda and sodium sulphate to 'cook' the wood 

pulp. The amount of fibre produced is lower than with 

mechanical methods, but the fibres are longer, stronger 

and contain fewer impurities. 

Waste pulp - Recycled paper and board used for waste 

pulp is often used for lower grades of paper, as its strength, 

durability and colour are not as good as virgin fibres 

(produced using mechanical and chemical methods). Waste 

pulp is often mixed with virgin fibres to produce better 

quality papers as fibres become shorter and weaker and 

lose their papermaking qualities. 

Manufacturers blend a variety of pulps and process them 

along with bonding agents and coloured pigments to 

produce paper with different qualities. These processes 

help to achieve a consistent colour and binding of fibres to 

create a better surface finish. A substance known as a sizing 

agent can also be added to improve water resistance, 

preventing ink from 'feathering' or bleeding on the surface. 

Manufacturing paper using the Fourdrinier process 

Modern paper production is achieved using a Fourdrinier 

machine. The Fourdrinier transforms wood pulp into a final 

paper product through four main sections. 

• The Wet end starts with the wood pulp diluted to 99 

per cent water and 1 per cent fibre to form a slurry that 

is held in the head box. A continuous stream of slurry 

is pumped from the head box through an adjustable 

slit (called the slice) onto a moving gauze wire belt 

that vibrates to drain off some of the water and allow 

the fibres to interweave. Raised patterns formed in the 

gauze create the watermark- a feature in many high

quality writing papers. 

[ Table 2.1 Advantages and disadvantages of methods of producing wood pulp. 

Method 

Mechanical pulping 

Chemical pulping 

Waste pulping 

• 

Advantages 
~~~~~~~-' 

• Provides a 90% yield from the pulpwood as it uses 
the whole of the log except for the bark. 

• Investment costs for mechanical pulp mills are 
relatively low in comparison with other types of mill. 

• Well suited for 'bulk' grades of paper, i.e. newsprint 
and packaging boards. 

• Can be bleached to produce higher value-added 
products. 

• Higher quality wood pulp produced with longer, 
stronger fibres that contain fewer impurities. 

• Produces 'chlorine-free' disposable products. 
• Waste lignin from the process can be burnt as a fuel 

oil substitute, often supplying power to the national 
grid or steam to local domestic heating plants. 

• Makes use of recycled papers, which are a sustainable 
resource. 

• Well suited for 'bulk' grades of paper, i.e. newsprint, 
tissue and packaging boards. 

Disadvantages 

• Lower strength characteristics than softwood 
chemical pulps. 

• Paper can 'yellow' when exposed to bright lights due 
to high lignin content. 

• Lower yield than mechanical methods as the lignin is 
completely dissolved and separated from the fibres. 

• No chemical pulp is produced in the UK, therefore it 
must be imported. 

• Cannot be recycled indefinitely as pulp loses quality 
- virgin pulp needs to be added. 

• Does not save any more energy in processing than 
other methods. 

• Requires considerable processing and additives to 
produce good-quality paper . 
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The Press section uses a system of nip presses or 

rollers that wrings out the majority of excess water 

from the pulp and stretches it out into a rough paper. 

It is at this stage that the thickness of the paper/board 

is determined. The gap between the press rollers is 

adjusted to allow for differing thicknesses such as 

card. The term card usually refers to paper which has a 

density greater than 160gsm (grams per square metre). 

The Dryer section dries the paper using a series of 

steam-heated rollers by removing the moisture (just 

like ironing clothes). The resulting paper has a water 

content of 4--6 per cent and sizing agents, starches and 

resins can be added to enhance the paper's properties. 

The Calendar section comprises a series of rollers 

through which the paper is fed in order to smooth 

it out and give it a uniform thickness. The pressure 

applied to the paper by these rollers determines the 

finish of the paper. 

The paper is then wound onto a roll after calendering 

(known as a web) and stored. It can be placed onto a 

precision cutting machine to produce the desired size or 

shipped to a printer for web-fed printing. 

Materials and components J 

WEBLINKS: 0 • @. 
www.ppic.org.uk- Pulp and paper information centre 

Properties of paper and board 

The choice of paper is essential in how printed materials 

are presented. Choosing the most appropriate paper 

for its intended application is a combination of personal 

preference and discussion with the client in order to 

determine the look of the end product. In general, the 

correct choice of paper must satisfy: 

• the design requirements of the client brief, e.g. 

durability, surface finish, colour, texture, opacity, 

weight and size 

• 

• 

the demands of the printing process or surface 

decoration, e.g. will the printing inks used for offset 

lithography provide a quality finish on the paper? 

economic considerations, e.g. scale of production . 

Wet End Press 
section 

Drying section Calendar 
stack 

Figure 2.2 The Fourdrinier papermaking process. 
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Weight and size 

Paper is defined in weight as gsm, with 80gsm being 

the weight of average copier paper. Card and board are 

measured in micrometres (microns). A paper is usually 

classified as a board when it is greater than 220gsm and 

more often than not is made from more than one ply. The 

thickness of card and board can be gauged by the number 

of ply it consists of, and is measured in microns (1 OOOths of 

a millimetre). 

Pape r, ca rd and board are most commonly available in 

metric 'A' sizes (i.e. AS through to AO). However, 'B' sizes 

and old imperial measurements are also widely used. 

AS' 
(210 x 148mml 

Table 2.2 Common thicknesses of paper and board. A4 ('297 x 210mm) 

Number of ply Microns A3 (420 x 297 mm) .... 
.... 

2 200 

3 230 A2 (594 x 420 mm) ' .... 
' 

4 280 

6 360 

8 500 Al (841 594mm) 

10 580 

12 750 
[ Figure 2.3 Common 'A' sizes of paper and board. 

Table 2.3 Common drawing papers, commercial printing papers and commercial card and board 

iyp. Descriptfon Appllcatlons Properties Cost 

Common drawing papers: 

Layout paper Around Thin translucent paper Outline sketches of proposed Translucent property allows Relatively 
50gsm with a smooth surface. page layouts. Sketching and tracing through onto another expensive. 

developing ideas. Marker sheet. Accepts most drawing 
renderings. media (except paints). 

Tracing 60-90gsm Thin transparent Same as layout paper. Allows tracing through onto Heavier weight 
paper paper with a smooth Heavier weight preferred by another sheet in order to can be quite 

surface. Pale grey in draughtsmen. develop design ideas. expensive. 
appearance. 

Copier paper 80gsm Lightweight grade of B/W photocopying and Bright white and available in Inexpensive 
quality paper. Good printing from inkjet and laser a range of colours. when 
quality bleached printers. Smooth finish for purchased in 
surface. colour printing. General use bulk. 

for sketching and writing. 

Cartridge 120-150gsm Creamy-white paper. Good general purpose drawing Completely opaque. More 
paper Smooth surface with a paper. Heavier weights can be Accepts most drawing expensive than 

slight texture. used with paints. media. copier paper. 

Commercial printing papers: 

Bond paper Greater High-quality durable Letterheads and other Largely made from rag Inexpensive 
than 50gsm writing paper that stationery and as paper for pulp, which produces a when 

often carries a electronic printers. Widely stronger paper than wood purchased in 
watermark. The name employed for graphic work pulp. Long-wearing paper. bulk. 
comes from having involving pencil, pen and felt- Available in a wide range of 
originally been made tip marker. colours. 
for documents such as 
government bonds . 

• -



Materials and components J 
Coated 70-300gsm 

Commercial card and board: 

Recycled 
card 

Mounting 
board 

Greater 
than 
220gsm 

1000-1500 
microns 

Covered with a 
suspension of china 
clay, pigment and 
adhesive to give a 
smooth surface finish . 

Card made from 
varying percentages of 
recovered waste pulp. 

Relatively thick board 
with colour on one 
side only (white on 
back). 

Wide range of high-quality 
print jobs. 

'Environmentally friendly' 
products, disposable items 
such as trays and inner 
packaging, sleeves for take
away hot drinks. 

Mounting work for 
presentations and displays. 
Work can be mounted flat or 
behind a frame mounting. 

The coating levels the 
minute pits between the 
fibres in the base paper, 
giving a smooth flat surface 
for printing. Range of 
finishes available from high 
gloss, matt, satin and silk. 

Lower quality than cards 
made with virgin pulp. 
Flecked appearance can 
have a quality of its own. 
Can be coloured for visual 
effect. 

Very high quality, strong and 
rigid board. Available in a 
range of colours (wide range 
of pastel colours). 

Relatively 
expensive. 

Inexpensive. 

Expensive. 

Carton boards • relatively inexpensive to produce and process 

• can be recycled. Cartonboards are used extensively in the retail packaging 

industry where specific properties are required. These 

boards must be suitable for high-quality, high-speed 

printing and for cutting, creasing and gluing using very

high-speed automated packaging equipment. 

Advantages of using carton board include: 

• total graphic coverage and excellent print quality 

Unit 3: Industrial and commercial practice: Industrial 

and commercial practices of creating structural 

packaging nets. 

• excellent protection in structural packaging nets 

Table 2.4 Common cartonboards. 

Composition Applic.tions Properties Cost 

Folding boxboard Usually consists of a bleached virgin Widely used for the majority • Excellent for scoring, Relatively 
pulp top surface, unbleached pulp of food packaging and for all bending and creasing inexpensive 
middle layers and a bleached pulp general carton applications. without splitting. 
inside layer. • Excellent printing 

surface. 

Corrugated board Constructed from a fluted paper Protective packaging for • Excellent impact Relatively 
layer sandwiched between two fragile goods. The most resistance. inexpensive 
paper liners. commonly used box-making • Has excellent strength 

material. for its weight. 
• Lowcost. 
• Recyclable. 

Solid white board Made entirely from pure bleached Packaging for frozen foods, • Very strong and rigid. Expensive 
wood pulp. ice-cream, pharmaceuticals • Excellent printing 

and cosmetics. surface. 

Foil-lined board Consists of a laminated foil coating Cosmetic cartons, pre-packed • Very strong visual Expensive 
(can be used on all of the above food packages. impact. 
boards). Foil available in matt or • Foil provides an 
gloss finish and in silver or gold excellent barrier against 
colours. moisture. 

e 

• • -
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Metals 
Metals can be divided into three main categories. 

• Ferrous metals - which contain mainly ferrite or iron 

i.e. steel. It also includes those with small additions 

of other substances e.g. carbon steels. Almost all are 

magnetic. 

• Non-ferrous metals - which contain no iron e.g . 

aluminium and tin . They are not magnetic. 

• Alloys - which are formed by mixing two or more 

metals and, on occasion, other elements to produce 

metals with enhanced properties e.g. stainless steel 

(steel alloy) and duralumin (aluminium alloy). 

Metals in commercial packaging 

Metals are commonly used in a wide range of commercial 

packaging applications, from the standard components 

of drinks cans and bottle closures to special promotional 

containers that suggest quality. There are several 

advantages of using metals for commercial packaging. 

• Added security, as sealed cans cannot be tampered 

with without obvious visible signs. 

• Containers can be made in a variety of standard sizes 

and shapes e.g. drinks cans, and custom-made styles 

e.g. chocolate and biscuit tins. 

• Containers can be embossed or de-bossed to provide 

surface textures and visual appeal. 

• Metals can be directly printed on to or a paper label 

added for total graphic coverage, providing an 

effective point-of-sale display. 

Figure 2.4 Aluminium and steel (sometimes in-plated) 
are the only two metals used in commercial pack;iging. 

• -

THINK ABOUT THIS! 0 • ®· 
Many companies package their products in metal 

containers for special occasions such as Christmas or 

Easter. Why do companies do this? For example, a 

shortbread manufacturer uses a cartonboard package 

for the remainder of the year but at Christmas puts 

them in a tin. 

Aluminium - Aluminium is a strong but lightweight metal 

that is easily moulded into a variety of containers. It is 

a non-ferrous metal so it does not rust, which makes it 

perfect for making a range of containers. Three quarters 

of drinks cans are made from aluminium and about 15 per 

cent of aerosol cans are aluminium. 

Aluminium is a pure metal and is a naturally occurring 

element that is mined from beneath the land and sea. 

It is the most plentiful metal element in the Earth's crust 

and is produced from the ore bauxite. The extraction of 

alumina from the bauxite ore, and subsequent production 

of aluminium from alumina, uses a lot of energy. However, 

aluminium is easily recycled as it can be melted down over 

and over again without being spoiled and can be made 

into another drinks can. Recycling aluminium is much 

more susta inable than producing it from alumina, because 

it saves considerable amounts of energy. For example, 

recycling one aluminium can saves enough energy to run a 

TV for 3 hours and if all the aluminium cans in Brita in were 

recycled, about 14 million fewer dustbins would be filled 

every year. Currently, just 34 per cent of aluminium drinks 

cans are recycled. 

Tin - Tin is obtained from the mineral cassiterite, which is 

tin oxide. Cassiterite is smelted to a metal by reduction 

with carbon, most commonly in a reverberatory furnace. 

However, this metal still contains impurities, so it is 

necessary to refine the tin to make it commercially useful. 

One of the most important properties of tin is the ease 

with which it alloys or mixes with the majority of other 

metals. It is this quality together with the low melting point 

that makes it an essential ingredient of most solders for 

attaching electrical components to circuit boards. It is not 

toxic and it does not corrode very rapidly making it ideal as 

protection for steel in food and drinks 'tin cans' . 

Steel - In the food packaging industry, steel is usually in 

the form of tinplate, which consists of cold rolled steel 

sheet coated with a thin layer of tin to prevent corrosion . 

Therefore, steel cans are often called 'tin cans' . When steel 



is ro lled into thin sheets it is a lightweight materia l that is 

easily moulded and is used to make a range of foo d cans 

and most aerosol ca ns. 

Steel is produced from iron ore, which is widely found 

and mined. It takes a lot of energy to turn iron ore into 

steel, as it has t o be heated in a huge fu rnace to very 

high temperatures to separate it from the other materials 

present. However, steel can be easily recycled . It takes 

about 75 per cent less energy to recycle steel than 

to make it from iron ore. Steel is a ferrous metal, and 

therefore magnet ic, making it easy to sort using powerful 

electromagnets at recycling p lants that separate the steel 

from oth er metals. Currently, around 51 per cent of all st eel 

packaging is recycled. 

WEBLINKS: 0 • ®· 
www. mpma.org.uk - Metal Packag ing Manufacturers 

Association, offering information on all aspects of 

metals in packaging 

FACTFILE: Q 
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Stainless steel Carbon steel (87%) Strength and 

rigidity 

Chromium (13%) Resistance to wear 
and corrosion 

Duralumin Aluminium (93.5%) Strength and 
lightness 

Copper (4.4%) Strength 

Magnesium (1.S%) Alloying agent 
(strength and 
lightness) 

Manganese (0.6%) Deoxidising 
(removing oxygen) 

Materials and components 

Figure 2.5 The A rt Deco Chrysler Building in New Yo rk is clad 
with stain less steel fo r its aesth etic and functional properties. 

Advantages: With over 150 grades 
• excellent resistance to available (increasing 

corrosion, oxidation (rust) and the chromium content 
staining up to 26% for harsh 

• high-quality surface finish environments), there 
• low maintenance are a wide range of 
• 100% recyclable. applications, including: 

Disadvantages: cutlery, jewellery, 

• relatively expensive cookware, sterile surgical 

• relatively hard to machine. instruments, building 
construction, etc. 

Advantages: Applications make use of 
• excellent strength to weight its excellent strength to 

ratio weight ratio and casting 
• extremely hard and tough ability, including: 
• highly resistant to stress- aircraft and vehicle 

corrosion cracking structures (shells and 
• machines and casts well frames), precision tools 
• high performance in extreme and components including 

temperatures. bicycle and engine parts, 

Disadvantages: etc. 

• can suffer from corrosion 
• becomes brittle through fatigue. 

• 
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Polymers 

Polymers in commercial packaging 

Thermoplastic polymers are widely used in commercial 

packaging. A thermoplastic is a material that, once heated, 

can be formed into a variety of interesting shapes using 

different forming techniques such as blow moulding. 

Once cooled, the shape remains permanent. However, 

thermoplastics can be re-heated, softened, shaped 

and cooled many times over, so they can be recovered 

and recycled easily. The main advantages of using 

thermoplastics in commercial packaging are that they are: 

• lightweight and versatile 

• strong, tough, rigid, durable, and impact and water 

resistant 

• easily formed and moulded 

• easily printed on 

• inexpensive 

• recyclable. 

Polymers used in packaging can be identified by an 

internationally recognised coding system moulded into 

the base of the package or printed on the label. This 

system enables polymers to be easily identified and 

sorted prior to recycling. Each polymer has its own useful 

properties that make it suitable for use in different areas of 

the packaging industry. 

Unit 3: Industrial and commercial practice: Forming 

techniques for blow moulding, injection moulding and 

vacuum forming thermoplastics. 

Styrofoam™ for block modelling 

Styrofoam is a blue or pink extruded polystyrene foam 

manufactured for the construction industry for insulating 

buildings. However, it makes an excellent modelling 

material, especially for block modelling purposes. The 

process of extruding foamed polystyrene results in a 

material with uniformly small, closed cells, which gives it all 

of the properties that a modelling material should include: 

great rigidity, high compressive strength, easily cut and 

shaped with normal hand tools, and sanded to a smooth 

surface finish. Styrofoam is also available in a range of 

• • -

Figure 2.6 Polymers have proved to be an extremely versatile 
material for packaging a wide range of products. 

thicknesses, can be glued together with polyvinyl acetate 

(PVA) to create larger block sizes and painted with acrylic 

paints to give a good-quality finish. A higher-quality finish 

can be achieved by coa~ing the Styrofoam in layers of 

plaster, sanding smooth, and then applying a surface finish 

using spray paints. Whilst Styrofoam is a good modelling 

material it has a number of disadvantages. It is weak and 

the surface breaks away very easily and therefore it is 

unsuitable for models that require any fine detail. Also, the 

surface can become 'dinted' when using a file or ripped 

when sanding if care is not taken . 

• ®· 
Unit 2: Industrial and commercial practice: 

Modelling and prototyping using block modelling to 

aid the development of products. 



Table 2 .5 Common thermoplastic polymers used in packaging. 

Thermoplastic 

PET 
Polyethylene terephthalate 

HOPE 
High density polyethylene 

PVC 
Polyvinyl chloride 

LOPE 
Low density polyethylene 

pp 

Polypropylene 

PS 
Polystyrene 

) 

ID code 

A 
LU 

PET 

A 
LU 

HOPE 

A 
LU 

PVC 

A 
LU 

LOPE 

A 
LU 

pp 

A 
LU 

PS 

Properties 

• Excellent barrier against atmospheric 
gases. 

• Prevents gas from escaping package. 
• Does not flavour the contents. 
• Sparkling 'crystal clear' appearance. 
• Very tough. 
• Lightweight - low density. 

• Highly resistant to chemicals. 
• Good barrier to water. 
• Tough and hard wearing. 
• Decorative when coloured. 
• Lightweight and floats on water. 
• Rigid. 

• Weather resistant - does not rot. 
• Chemical resistant - does not 

corrode. 
• Protects products from moisture and 

gases while holding-in preserving 
gases. 

• Strong, good abrasive resistance and 
tough. 

• Can be manufactured either rigid or 
flexible. 

• Good resistance to chemicals. 
• Good barrier to water, but not gases. 
• Tough and hard wearing. 
• Decorative when coloured. 
• Very light and floats on water. 
• Very flexible. 

• Lightweight. 
• Rigid. 
• Excellent chemical resistance. 
• Versatile - can be stiffer than 

polyethylene or very flexible. 
• Low moisture absorption. 
• Good impact resistance. 

Rigid polystyrene: 
• transparent 
• rigid 
• lightweight 
• low water absorption. 

Expanded polystyrene: 
• excellent impact resistance 
• very good heat insulation 
• durable 
• lightweight 
• low water absorption. 

Materials and components l 

Applications 

Carbonated (fizzy drinks) bottles. 
Packaging for highly flavoured food. 
Microwavable food trays. 

Unbreakable bottles (for washing
up liquid, detergents, cosmetics, 
toiletries, etc.). Very thin packaging 
sheets. 

Packaging for toiletries, 
pharmaceutical products, food and 
confectionery, water and fruit juices. 

Stretch wrapping (cling film), milk 
carton coatings. 

Food packaging - yoghurt and 
margarine pots, sweet and snack 
wrappers. Used for laminating paper 
and board. 

Rigid: 
Food packaging, e.g. yoghurt pots, 
CD jewel cases, audio cassette cases. 

Expanded: 
Egg cartons, fruit, vegetable and 
meat trays, cups, etc. Packing for 
electrical and fragile products. 

-

• • 
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( Figure 2.7 Acrylic is often used for shop signage_ 

Acrylic 

Acrylic is the common name for polymethyl methacrylate 

(PMMA) and sometimes referred to by its tradenames 

Plexiglas® or Perspex®. Acrylic is usually cast into sheets 

but is also available in rods and tubes and is self-finishing, 

so it does not require an applied surface finish . It has a 

wide range of applications within graphic products from 

point-of-sale displays to shop signage. Architectural

grade acrylic, for example, has to satisfy several high 

performance requirements when used in shop signage. It 

has to be able to withstand extreme weather conditions, 

be chemical resistant, be durable by resisting long-term 

stresses, be easy to fabricate and have excellent aesthetic 

properties. Clear or frosted acrylic is often used in point

of-sale displays and illuminated signage as a low-cost and 

lightweight substitute to glass. The main disadvantages 

of acrylic are its brittleness and its low scratch resistance. 

Also, cracks easily form and spread through acrylic. 

Because acrylic scratches easily and can snap, great care 

must be taken when using it. 

WEBLINKS: 0 • ®· 
www.lucitesolutions.com - Manufacturers of Perspex® 

and related products 

www.plexiglas.com - Manufacturers of Plexiglas® and 

related products 

• -

Environmental concerns 

The main disadvantage of the widespread use of polymers 

seems to be the ongoing environmental concern of how 

sustainable it is. In the first instance, oil is the raw material 

of synthetic polymers, and is not only a finite resource but 

consumes a lot of energy in the production process and 

produces pollution . The manufacture of packaging, blow 

moulding for example, also uses a lot of energy. Then 

comes the problem of disposal. Polymers are durable and 

degrade very slowly, which is a problem for landfill sites. 

Incineration may not be the answer either, as in some cases 

burning polymers can release toxic fumes. 

Recycling may be the answer to these environmental 

concerns as thermoplastics can be moulded into new 

products. The main problems at present are collection and 

sorting. Many councils operate recycling collection schemes 

for polymers, glass, metal, paper and organic waste; 

however, polymers are the hardest to recycle . They can be 

identified and sorted by means of their ID code but this is 

a slow and labour-intensive process. There are mechanical 

methods of sorting but these are not widespread. There 

is also the problem of contamination, as the majority of 

bottles, for example, are made of one polymer while the 

closure is made of another. Recycling certain types of 

polymers can also be unprofitable: for example, polystyrene 

is rarely recycled because it is usually not cost effective. 

You will be studying environmental concerns in Unit 3: 

Sustainability in a lot more detail at A2 level. 

Woods for modelling 

Hardwoods 

Hardwoods are produced from broad-leaved trees whose 

seeds are enclosed. Examples include oak, mahogany, 

beech, ash and elm. Hardwood trees commonly grow in 

warmer climates such as Africa and South America and 

take about 100 years to reach maturity. They are usually 

tough and strong and because of their close grain provide 

highly decorative surface finishes. Because of their age 

and location, many hardwoods are expensive to buy and 

may only be used for high-quality products. The exception 

is balsa wood, which has been used for modelling 

applications for many years as it is relatively inexpensive 

and easy to shape . 



Figure 2.8 A model aircraft made out of balsa wood. 

Softwoods 

Softwoods are produced from cone-bearing conifers 

with needle-like leaves. Examples include Scots pine (red 

deal), Parana pine and whitewood. As softwoods grow 

more quickly than hardwoods (around 30 years) they 

can be forested and replanted, which means they are in 

abundance and therefore cheaper to buy. Softwoods are 

generally easier to work with and are lightweight, making 

them more suitable for modelling applications. However, 

as with all woods, they contain a grain that makes them 

harder to shape when block modelling. In this case, a 

composite material such as medium density fibreboard 

(MDF) is more applicable. 

Materials and components 

THINK ABOUT THIS! Q • ®· 
There are many materials that you could use for 

making models of products for your Portfolio of 

Creative Skills. The key to success is to use a wide 

range of modelling materials instead of the usual 

Styrofoam™ and MDF so, for example, try to model 

something out of balsa for a change; it is available 

from most modelling and craft shops. 

Composites 

When two or more materials are combined by bonding, a 

composite material is formed. The resulting material has 

improved mechanical, functional and aesthetic properties 

and, as with most composites, it will have excellent strength 

to weight ratios. 

Glass-reinforced plastics 

Glass-reinforced plastic (GRP) composite is made of a 

polyester or epoxy resin reinforced by fine fibres of glass in 

the form of a woven matting. The plastic resins are strong in 

compressive strength but relatively weak in tensile strength, 

whereas the glass fibres are very strong in tension but have 

no compressive strength. By combining the two materials 

GRP becomes a material that has both compressive and 

tensile strength . The resin exists in a liquid form and has a 

catalyst or hardener added to become a solid. The glass 

fibre strands provide the basic structure while the resin 

Table 2.6 Hardwoods and softwoods used in the creation of models and prototypes. 

Wood Type Origin Properties 

Jelutong Hardwood Indonesia • Low density. 
• Straight grain. 
• Fine texture. 

Balsa Hardwood South America • Extremely buoyant. 
• Very soft and light. 
• Low density with high strength. 

Scots pine Softwood Northern Europe • Easy to work. 
• Knotty and prone to warping. 

Parana pine Softwood South America • Hard, straight grain (often knot-free). 
• Fairly strong, durable and easy to work. 
• Smooth finish. 

Whitewood Softwood Northern Europe, • Fairly strong but not durable. 
North America • Easy to work. 

• Very resistant to splitting. 

• • ~ 
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l Figure 2.9 GRP is used in the manufacture of many 
fairground rides and attractions. 

Figure 2.10 An excellent 
strength to weight ratio is one of 
the reasons why carbon fibre is 
used in preference to metals in 
high-performance racing bikes . 

• -

with its additives bonds the fibres together and provides a 

lightweight rigid structure. The two materials may be used 

uniformly or the glass may be specifically placed in those 

portions of the structure that will experience tensile loads. 

The extremely smooth GRP finish seen on boats and some 

cars is achieved by a combination of a highly polished 

surface on the mould used and careful application of the 

first layer, known as the gel coat. The glass matting which 

is laid on top of the gel coat to provide the basic structure 

leaves a very rough finish. Therefore, one surface of GRP is 

highly polished whilst the other is extremely rough. 

Carbon fibre 

More recently, carbon fibre has been commercially 

developed in a similar form to that of glass fibre . This 

carbon composite is made up of carbon fibres, which take 

tensile loads, set into a polymer resin matrix that takes 

the compressive loads. Carbon fibre is a filament material 

incorporating thousands of filaments that are woven to 

form a fabric. However, this fabric only has strength in 

tension. So the woven fabric is placed in different directions 

to cover tensile loads in all directions, while being 

supported by a rigid, compression bearing matrix of resin . 

Carbon fibres are much stronger than GRP and are ideal 

for high-performance structural applications in aircraft, 



Materials and components 

sports equipment and F1 racing car manufacture. Carbon 

composites have unrivalled mechanical properties and, in 

most load-bearing applications where weight is an issue, 

will easily out-perform any metal alternative. For example, 

carbon fibre has more than four times the tensile strength 

of the best steel alloys, at just a quarter of the weight! It 

also has a much better fatigue life. 

boards are also laminated for extra strength . MDF can be 

worked like wood but with the added advantage that it 

has no grain to work with. It finishes well with a variety of 

surface treatments and is available with a veneered surface 

for decorative effect. 

Medium-density fibreboard 

One of the most widespread and commonly used 

composite materials is medium-density fibreboard (MDF) . 

MDF is primarily made from wood waste (or specifically 

grown softwoods) in the form of wood chips, which are 

subjected to heat and pressure in order to soften the fibres 

and produce a fine, fluffy and lightweight pulp. This pulp 

As is the case with all composites, there are some potentia l 

hazards involved in their use. As well as fumes from glues 

and resins, as a result of the very fine fibres great care must 

be taken when undertaking any form of cutting, drilling and 

especially sanding. Respiratory equipment should be used 

since the dust can cause irritation of the skin, throat and 

nasal passage and appropriate dust extraction should also 

be activated. 

is then mixed with a synthetic resin adhesive to bond the 

fibres and produce a uniform structure and heat pressed 

• ®· 
to form a fine textured surface. After pressing, the MDF 

is cooled, trimmed and sanded. In certain applications 

Unit 2: Health and Safety: HSE risk assessments for 

workshop practices. 

Table 2.7 Applications, advantages and disadvantages of composite materials. 

Composite 

Glass reinforced 
plastics (G RP) 

Carbon fibre 

Medium-density 
fibreboard (MDF) 

Applications Advant.ages 
--................ = 

Rotor blades of wind 
turbines, canoes, fish ponds, 
vehicle bodies, kiddies 
sit 'n' ride and fairground 
rides, etc. 

Sports equipment, e.g. 
tennis raquets and fishing 
rods, bicycle frames and 
wheels, aircraft and vehicle 
componets, etc. 

Flat-pack furniture, general 
joinery work, moulds for 
forming processes, etc. 

• Excellent strength to weight ratio. 
• Resistent to corrosion. 
• Water resistent. 
• Ideal for external shell structures. 
• Wide range of colours as pigments 

can be added to the resin. 
• Can be repaired easily. 

• Excellent strength to weight ratio. 
• Better tensile strength than steel 

alloys. 
• Can be engineered to be anisotropic 

(fabric orientated in different 
directions to provide strength in 
specific areas of structure). 

• Can be formed into complex and 
aerodynamic one-piece structures 
(distribute stress efficiently). 

• Less expensive than natural timbers. 
• Available in large sheet sizes and 

range of thicknesses. 
• Isotropic (no grain), so no tendency to 

split. 
• Consistent strength in all directions. 

Disadvantages ---
• Expensive material. 
• Specialised manufacturing process 

required. 
• High-quality mould needed. 

• Very expensive material. 
• Only available in black. 
• Highly specialised manufacturing 

processes required. 
• Cannot be easily repaired as structure 

loses integrity. 
• Cannot be easily recycled. 

• Heavier (the resins are heavy). 
• Requires approporiate finishes to seal 

surface fibres. 
• Swells and breaks when waterlogged. 
• Warps or expands if not sealed. 
• Contains urea-formaldehyde which 

may cause eye and lung irritation 
when cutting and sanding. 

• Dulls blades more quickly than many 
woods. 
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Modern materials and products 

Liquid crystal displays 

Liquid crystals are organic, carbon-based compounds that 

can exhibit both liquid and solid crystal characteristics. 

When a cell containing a liquid crystal has a voltage 

applied, and on which light falls, it appears to go 'dark'. 

Th is is caused by the molecular rearrangement within the 

liquid crystal. In the case of a digital clock or wrist-watch, 

a liquid crystal display (LCD) display has a pattern of 

conducting electrodes that is capable of displaying 

numbers via a seven-segment display. The numbers are 

made to appear on the LCD by applying a voltage to 

certain segments, which go dark in relation to the silvered 

background. As very small amounts of current are needed 

to power an LCD display they are ideal for portable 

electronic devices such as mobile phones, as battery life 

can be extended. 

With the rapid advance of LCD technology came the full

colour LCD display commonly used in laptops. In this case, 

each pixel is divided up into three sub-pixels with red, 

green or blue filters. By controlling and varying the voltage 

applied, the intensity of each sub-pixel can range over 256 

colours. LCDs have now evolved considerably and are at 

the forefront of modern domestic appliance technology 

with ever flatter, high-resolution LCD televisions and 

computer screens. 

WEBLINKS: Q • ®· 
www.howstuffworks.com - Full details on how LCDs work 

Phosphorescent pigments 

Phosphorescent pigments are often referred to as 

'afterglow' materials. These materials absorb energy or 

'charge' in normal daytime conditions and are capable 

of storing that energy for some time, then releasing 

it relatively slowly in the form of light. They are non

radioactive like the old forms of afterglow materials, where 

a polycrystalline inorganic zinc sulphide pigment can be 

used to create a green afterglow or alkaline earth sulphides 

for a red or blue afterglow. Phosphorescent pigments can 

be manufactured into polymers used in paints or inks to 

produce products like safety signage and watch faces that 

can be seen in complete darkness. 

Light (normal conditions) 

Dark (power failure) 

Figure 2. 11 The use of phosphorescent pigments in 
I safety signage. 

WEBLINKS: Q • @. 
www.dualglo.com - Phosphorescent materials 

and products 

Electroluminescent lighting 

Electroluminescent (EL) lighting converts electrical energy 

into light (or luminescence) by applying a voltage across 

electrodes. An organic phosphor is sandwiched between 

two conductors and, as the electric current is applied, it 

rapidly charges phosphor crystals, which emit radiation 

in the form of visible light. EL lighting has extremely low 

power consumption, which makes it ideal for use as a 

backlight for LCD displays; for example, the blue glow on 

a digital wrist watch. It is used to great effect in advertising 

to produce displays and posters with high visual impact. EL 

lighting is produced in the form of paper-thin wires, strips 

or panels, which are applied to designs that can then be 

animated by lighting up different areas of the poster. As 

they are so thin it is possible to utilise all the traditional 

methods of advertising, such as bus shelters, sides of buses 

and billboards as they are waterproof, highly visible and 

extremely reliable. 

WEBLINKS: Q • ®· 
www.edmonds.co.uk/electroluminescent-displays -

EL displays and posters in action 



Figure 2. 12 The distinctive blue glow of 
electroluminescent backlighting for LCDs. 

Smart materials 

Smart materials have been developed through the 

invention of new or improved technologies, for example as 

a result of manufactured materials or human intervention. 

Smart materials respond to differences in temperature or 

light (and other inputs such as pressure and sound) and 

change in some way as a result. They are classified as smart 

because they sense the conditions in their environment 

and respond to those conditions. Smart materials appear 

to 'think' and some have a 'memory' as they revert back to 

their original state as soon as the input is removed (un like 

thermoplastics). 

Thermochromic liquid crystals 

Thermochromic liquid crystals are used in a number of 

applications, including forehead thermometers, battery 

test panels and special printing effects for promotional 

items. In the case of a forehead thermometer, a layer of 

conductive ink is screen printed on to the reverse of the 

thermometer strip - this area makes contact with the 

forehead. On top of the conductive ink is a layer of normal 

ink that conveys the temperature gauge colour bars. 

Finally, there is the thermochromic layer, which is black 

when cool. By pressing the thermometer to the forehead, 

the temperature generated turns the thermochromic ink 

translucent. This reveals the temperature gauge colour 

bars, which are printed in normal ink. Depending on inner 

body temperature, most or all of the thermochromic ink will 

heat to the temperature needed to become translucent. 

The same process applies to battery test panels, where the 

electrical charge of the battery generates the heat required . 

-Materials and components __,, 

[ 
Figure 2. 13 This forehead thermometer makes use of 
thermochromic liquid crystals. 

Other special printing inks are available to enhance printed 

materials specially for promotional use. Thermoreactive 

inks can be used to reveal graphics if a warm hand is 

placed over them or, conversely, if they are placed in a 

fridge - an ideal device for revealing a lucky winner on a 

promotional pack. As well as inks that react to changes in 

temperature, some inks react to ultraviolet (UV) radiation in 

natural sunlight. These are known as photochromic inks. 

Piezoelectric crystals 

A piezoelectric crystal is a material that expands and 

contracts when electric current is applied. The piezoelectric 

effect converts this mechanical stress or vibration into 

electrical signals and vice versa. Computer manufacturer 

Epson, for example, uses piezoelectric crystal technology e 
in its inkjet printers. A piezoelectric crystal is located at the 

back of the ink reservoir of each nozzle. The crystal receives 

• 
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( Figure 2.14 Piezoelectric crystals are used in music 
modules for musical greetings cards. 

a tiny electric charge that causes it to vibrate. When the 

crystal vibrates inward, it forces a tiny amount of ink out of 

the nozzle. When it vibrates out, it pul ls some more ink into 

the reservoir to replace the ink sprayed out. Piezoelectric 

crystals are used in a wide range of products and systems 

as either actuators or transducers. 

r Table 2.8 Piezoelectric crystals as actuators and transducers. 

Type 

Actuator 
A device for 
controlling a 
mechanism or 
system 

Transducer 
A device that 
converts a 
signal from 
one form to 
another 

• 

Example 

Musical 
greetings 
card 

Electronic 
drum kit 

How it works 

The music module is activated 
by opening the card, which 
removes an insulating tongue 
from between a pair of switch 
contacts on the module. The 
piezoelectric crystal acts as a 
tiny speaker driver allowing it 
to generate a pre-programmed 
sound stored on an integrated 
circuit mounted on the module. 

When an electronic drum pad 
is struck, a voltage change is 
triggered in the embedded 
piezoelectric transducer. The 
resultant signals are translated 
into digita l waveforms, which 
produce the desired percussion 
sound assigned to that 
particular trigger pad . 

Smart ink 

Smart ink, also known as electronic ink or electronic paper, 

is a display technology designed to mimic the appearance 

of ordina ry ink on paper. Electronic paper was developed 

in order to overcome some of the lim itat ions of computer 

monitors. For example, the backlighting of monitors is hard 

on the human eye, whereas elect ronic paper reflects light 

just like normal paper. It is easier to read at an angle than 

flatscreen monitors. It is lightweight, durable, and highly 

flexible compared with other display techno logies, though 

it is not as flexib le as paper. 

Smart ink is currently being developed for applications 

such as electronic books, capable of storing digita l versions 

of many books. A majo- advantage of smart ink is t hat 

the pixels have an inher·ently stable 'memory effect' that 

requi res no power to maintain an image. Displays only draw 

on battery power when text is refreshed, which means they 

can d isplay about 10,0CO pages before the batteries need 

changing. Further technological developments will include 

electronic newspapers where headlines can be constantly 

updated and animated images and video cl ips used 

How smart ink works 

Each pixel point on the display is a tiny pit containing a 

small number of black ;;nd white beads, each of which 

is about as wide as a human hair. The white beads are 

positively charged and the black beads negat ively charged. 

Each p it is topped with a t ransparent electrode and has 

two other electrodes at its base. Altering the charge on the 

base electrodes makes either white or black beads leap to 

the top of the pit forming either a blank or black spot on 

the larger display. Making one base electrode positive and 

the other negative creates a grey spot. 

Figure 2. 15 Electronic paper is se t to revolutionise 
display technologies . 



Top tra nspa rent 
electrode 

Clear fluid 

Subcapsule addressing 
enables hi-reso lut ion 
d isplay capability 
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Light state Dark state 

Figure 2.16 Cross-section of electronic-ink microcapsules showing how smart ink works. 

Radio frequency identification 

Radio frequency identification (RFIO) is a method of 

identification that uses tags stuck on to a product to store 

data that can be retrieved by a reader. Th is method is often 

used to track pallets of products from the manufacturer to 

the retailer. It also has applications in libraries, where a tag 

is used on library books to identify the book and lender 

and proves useful as a security system preventing books 

from being stolen. 

RFIO technology is based on t he transmission and reception 

of radio frequency (RF) signals between a transm itter 

(known as a reader) and a transponder (known as a tag), 

which is attached to the p roduct. In most cases the 

transmission is two-way: the transmitter sends signals, which 

the transponder rece ives; the transponder then transm its 

a response signal that is received by the transmitter. The 

information from the t ransmitter can then be used to 

identify the transponder and any item it is attached too. 

RFIO readers and tags work in many frequencies and are 

ava ilable in either active or passive formats. 

• Active transponders are battery powered and can be 

rea d over a greater range, in some circumstances several 

tens of metres. However, they are typically expensive 

and as such are general ly used on items such as vehicles 

(road toll payments) and shipping containers . Being 

battery powered they have a limited lifet ime. 

• Passive transponders take the power they to need to 

respond from the electromagnetic signals transmitted 

by the reader. However, the strength of these signa ls 

fa ll s off quickly, g iving limited read ranges. They are 

commonly used in applications where t he transponder 

needs to be thin and easily converted into a label, such 

as pallet t racking or security systems in libraries. 

Figure 2.17 A radio frequency identification (RFID) 
tag and read e r. 

• @. 
There are a growing number of people who believe 

RFIO tags could be used for the wrong reasons. If RFID 

tags are attached to all products then they can be easily 

tracked - even back to your own home. What effect does 

this have on your privacy? How could this information be 

used by manufacturers and marketi ng companies? 

• 
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2 Components 

Binding methods 

Binding is a process used to fasten or hold together a 

number of printed sheets. Many products are bound, such 

Table 2. 9 Binding methods for paper and board. 

Method Diagram 

Saddle-wire stitching 
- the simplest method of 
binding, by stapling the 
pages through the fold. C 

Side-wire stitching 
- staples are passed 
through the side of the 
document close to the 
spine. 

Spiral and comb binding 
- pages are punched 
through with a series of 
holes along the spine. A 
spiralling steel or plastic 
band is inserted through 
the holes to hold the 
sheets together. 

Perfect binding - pages 
are held together and 
fixed by the cover by 
means of a flexible 
adhesive. 

Hard-bound or case
bound - usually 
combines sewing and 
gluing to create the 
most durable method of 
commercial binding . 

• • 

-== 
Applications 

Brochures, weekly 
magazines, comics. 

Many modern 
photocopiers 
can collate and 
staple documents, 
e.g. information 
booklets, revision 
materials, etc. 

Business reports/ 
documents. 

Paperback books, 
glossy monthly 
magazines, 
catalogues. 

Hardback 
books, quality 
presentations, e.g. 
school yearbooks. 

as magazines, books, reoorts and brochures. Binding can 

range from the simplest forms, for example stapling or ring 

binding, to fully automated processes. There are various 

methods of binding to choose from depending upon the 

specific application. For example, aesthetic considerations, 

the quantity of paper to be bound and the cost are 

determining factors as to which process is used. 

Advantages 

• Ideal for signature feed 
processes (folded pages). 

• Printed materials can be laid 
flat to read. 

• Relatively inexpensive when 
produced commercially. 

• Used when the document 
is too thick for saddle-wire 
stitching. 

• Relatively inexpensive when 
produced commercially. 

• Ideal for binding multiples 
of single sheets of paper 
without folds. 

• Relatively inexpensive when 
produced commercially. 

• Ideal for binding multiples 
of single sheets of paper 
without folds. 

• Fairly good-quality visual 
appearance. 

• Printed materials can be laid 
flat to read. 

• Better presentation and 
visual appeal with printable 
spine rather than staples. 

• Better quality - puts all 
the pages or signatures 
together, roughens and 
flattens the edge, then a 
flexible adhesive attaches 
the paper cover to the spine. 

• Glued spine provides 
longevity for a monthly 
magazine. 

• Stiff board is used on the 
cover to protect the pages. 

• High quality, professional 
binding method. 

• Extremely durable. 

Disadvantages 

• Lower-quality visual 
appearance. 

• Not durable as centre pages 
can easily fall apart. 

• Cannot lay printed materials 
flat to read as it causes 
damage to spine. 

• Lower-quality visual 
appearance. 

• Not durable as document 
can easily fall apart or tear 
down perforations. 

• Expensive commercial 
process. 

• Very expensive commercial 
process. 
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Industrial and commercial practice 

Getting started! 

As a designer, you need to know how products are 

manufactured. It's quite simple - you need to be able to 

design products that can be made and to make products 

that you have designed. What would happen if designers 

simply scribbled something on a piece of paper and gave it to 

somebody else to make? Would the manufacturer understand 

the drawing and, more importantly, what could go drastically 

wrong if information is not communicated effectively? 

1 Scale of production 
The scale of production is an important factor to be 

considered when developing any product. It has an impact 

upon all design and manufacturing decisions, including: 

• the number of products or units manufactured 

• the choice of materials and components 

• the manufacturing processes, speed of production and 

availability of machinery and labour 

• production planning, the use of just-in-time (JIT) and 

stock control, including the use of information and 

communication technology (ICT) systems 

• production costs, including the benefits of bulk buying, 

the use of standard components and eventual retail price. 

One-off 

One-off production is often referred to as job production 

and includes 'tailor-made' bespoke or customised 

solutions. A key feature of one-off production is a single, 

often high-cost product that is manufactured to a client's 

specification. This kind of one-off product is often very high 

cost because a premium has to be paid for any unique 

features, more expensive or exclusive materials and time

consuming handcrafted production and finishing. 

WEBLINKS: 0 • @. 
www.nikeid.com - Customised sports products 

Figure 2.18 Multinational 
companies such as Nike have 
seen the benefit of providing 
customised products as well 
as their usual batch and mass
produced products. 

Prern um D. ,1 classic hoops shoe with 
on-court performJnce ;:md oH,court 

. ~ ·· · · · •• • 

• -
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Batch 

Batch production involves the 

manufacture of identical products in 

specified, pre-determined 'batches', 

which can vary from tens to thousands. 

A key feature of batch production is 

flexibility of tooling, machinery and 

workforce to enable fast turnaround, 

so production can be quickly 

adapted to manufacture a different 

product, depending on demand. 

Batch production often makes use 

of flexible manufacturing systems 

(FMS) to enable companies to be 

competitive and efficient. The use of 

computer integrated manufacturing (CIM) systems involving 

automated machinery enables production 'downtime' to 

be kept to a minimum. Batch production results in lower 

unit cost than one-off production. Economies of scale in 

materials buying enables cost savings and identical batches 

of consistently high-quality products are manufactured at a 

competitive cost. 

Table 2.10 Batch production in short-term print runs 
e.g. full-colour brochure. 

Stage 

Preparation: 
pre-press 

Processing/ 
production 

Assembly 

Finishing 

• -

Processes 

• Colour separation of images into Cyan, 
Magenta, Yellow and Black (CMYK). 

• Production of four printer negatives for 
making printing plates. 

• Plate-making machines produces four 
colour printing plates (CMYK). 

• Quality control of printing plates and 
colour proofs. 

• Full-colour printing process, e.g. offset 
lithographic printing. 

• Application of in-line surface finish, e.g. 
lamination, spot varnishing, etc. 

• Quality control using printers' marks, 
i.e. colour bars and registration. 

• Trimming pages to correct size on 
guillotine using crop marks. 

• Double pages folded down spine. 
• Pages collated and bound using saddle

wire stitching. 
• Final quality-control check of finished 

product. 

• Collation of multiple brochures, packing 
into corrugated board boxes and 
sealing. 

• Multiple boxes palletised and shrink
wrapped ready for distribution . 

Figure 2. 19 Mass production incorporating specialised 
tasks is a feature of the electronics industry. 

Unit 2: Quality: Qua lity control in print ru ns 

Mass 

Mass production (or high-volume production) of most 

consumer products makes use of efficient automated 

manufacturing processes and a largely low-skilled 

workforce. However, this workforce is specialised and 

production is divided up in specific tasks with labour to 

match. Mass-produced products are designed to follow 

mass-market trends, so the product appeals to a wide 

national and international target market. Production 

planning and QC in production enables the manufacture 

of identical products. Production costs are kept as low as 

possible so the product wi ll provide value 

for money. 

Continuous 

Continuous production is used to manufacture 

standardised mass-produced products that meet everyday 

mass-market demand. The production of a b low-moulded 

fizzy drinks bottle, for example, necessitates 24-hour 

production, 7 days a week to satisfy consumer demands for 

soft drinks. This type of production is highly automated and 

uses machines that can run continuously for long periods of 

time with breaks only for routine maintenance. 
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I Table 2. 11 Applications, advantages and disadvantages of scales of production. 

Scale of production 

One-off 

Batch 

Mass 

Continuous 

Prototype and architectural 
models, shop signage, vinyl 
stickers for commercial vehicles, 
etc. 

Commercially printed materials, 
e.g. magazines and newspapers. 

Electronic products, e.g. mobile 
phones and games consoles, 
commercial packaging, etc. 

Packaging, e.g. cans and bottles 
for the drinks industry. 

2 Graphical communication 

• Made to exact personal 
specifications. 

• High-quality materials used. 
• Highly skilled craftsperson 

ensures high-quality product. 

• Flexibility in adapting production 
to another product. 

• Fast response to market trends. 
• Identical batches of products 

produced. 
• Efficient manufacturing systems 

can be employed. 
• Very good economies of scale in 

bulk buying of materials. 
• Lower unit costs. 

• Highly automated and efficient 
manufacturing processes. 

• Specialisation of workforce to 
specific tasks. 

• Rigorous quality control ensures 
identical goods. 

• Excellent economies of scale in 
bulk buying of materials. 

• Increased production means 
that set-up costs are quickly 
recovered. 

• Low unit costs. 
• Reduced labour costs. 

• As mass production. 
• Extremely low unit costs. 
• Runs continuously 24 hours, 

7 days a week. 

• Expensive final product in 
comparison to larger scales of 
production. 

• Generally labour intensive 
and can be a relatively time
consuming process. 

• Poor production planning can 
result in large quantities of 
products having to be stored, 
incurring storage costs. 

• Frequent changes in production 
can cause costly re-tooling, 
reflected in retail price. 

• Low-skilled workforce - low 
wages, repetitive nature of tasks 
leading to job dissatisfaction. 

• Ethical concerns of 
manufacturing in developing 
countries i.e. 'sweat shops'. 

• High initial set-up costs due to 
very expensive machinery and 
tooling needs. 

• Inflexible - cannot respond 
quickly to market trends. 

• As mass production. 
• Very little flexibility at all as 

production set up 24n. 

Graphical communication involves the visual representation 

of information. These graphics are used anywhere where 

information needs to be explained quickly or simply, such 

as in signage, newspapers and, now, prolifically on the 

Internet. In O& T, there are two common forms. 

• Pictorial drawings consist of a number of methods of 

communication used to visualise and represent objects 

in 30 form, including exploded/assembly drawings. 

• Working drawings are produced to communicate 

all of the required information of a product in 20 

form so that it can be easily read, interpreted and 

manufactured by a third party. 

• -
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Table 2.12 Pictorial and working drawing methods. 

Isometric 

2-point 
perspective 

Planometric 
(axonometric) 

• -

Isometric drawing is an accurate method 
of showing three faces of an object. 
• All lines are true or scaled, so 

foreshortening does not occur. 
• All vertical lines are drawn 90 degrees 

to the parallel. 
• All horizontal lines on the object are 

drawn at 30 degrees to the vertical 
using a 30/60-degree set square. 

• Circles appear slightly distorted, so 
are drawn as ellipses. 

2-point perspective allows an object 
to be drawn as the human eye views 
it. Parallel lines appear to converge at 
a vanishing point (VP) the further away 
they are. 
• Two vanishing points are used on a 

horizon line: one for length and one 
for width. 

• Lengths, heights and widths will 
appear to foreshorten as they recede 
into the distance, using either the 
"division" or "addition" method 
to make the foreshortening more 
accurate. 

Where the object is drawn in relation to 
the horizon will determine what view is 
required. 
• Worm's eye view - the object is 

above the horizon so the underneath 
can be seen. 

• Street level - the horizon line passes 
through the object giving a dramatic 
effect. The top and underneath cannot 
be seen. 

• Bird's eye view - the object is below 
the horizon line allowing the top to 
be seen. 

Planometric, also known as axonometric, 
technique is ohen used for interiors as it 
allows a bird's eye view of the object. 
• The plan is drawn 45/45 degrees or 

30/60 degrees to the horizontal. 
• All dimensions are true or in scale. 

Vertical lines can be reduced by three
quarters to one-third to avoid any 
distortion. 

• Circles and curves are drawn as they 
appear in view i.e. a circle is drawn 
with a compass or circle template . 

Ideal for sketching 
design ideas and 
illustrating product 
designs. 

Widely used 
method for 
illustrating 
product designs, 
architecture and 
interior designs. 

Best suited to 
architectural 
drawings, 
especially interior 
design. 



Drawing 
method 

3rd angle 
orthographic 
projection 

Nets 
{developments) 

Example 

0 

For an example of a net, see Fig 2.23 overleaf 

Unit 2: Industrial and commercial processes: 
Designing and creating packaging nets 
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Oes!:riptlon 

3rd angle orthographic projection is a 
means of representing a 3D object in 
2D. It uses multiple views of the object, 
including: 
• front elevation - the view looking at 

the front of the object 
• end elevation - which side the end is 

viewed from determines whether the 
end elevation is drawn to the left or to 
the right of the front elevation 

• plan - the view from above {bird's eye 
view) 

• hidden detail - details such as holes, 
slots and grooves that cannot be seen 
from the particular view 

• section views - taking a slice through 
an object and drawing what you see 
so all internal details can be shown. 

3rd angle orthographic projection should 
be drawn to British Standards Institute 
{BSI) standards including: 
• dimensioning - the dimension should 

be written in milimetres and should be 
written on top of the dimension line 

• centre lines - broken lines should be 
drawn through the centre of circles 
and down the length 

• 3rd angle symbol - this should be 
visible on the drawing to signify to 
any third party that it is a 3rd angle 
orthographic projection {as opposed 
to 1 st angle orthographic). 

A net, also known as a development, is 
a flat 2D shape than can be cut, scored 
and folded to produce a 3D shape. A net 
must include: 
• cut lines - a continuous line where the 

material is to be cut 
• fold lines - a broken line where the 

material is to be scored, folded, bent 
or heated. 

• tabs - essential constructional 
information especially for paper, card 
and board showing where glue is to 
be applied or where dust flaps or 
tucks are required. 

• a closure system, such as a tuck flap 
or crash base. 

Unit 1: Portfolio of creative skills: 
Product Design: Communication 

Appllcatlon 

Engineering 
drawings, planning 
for models and 
prototypes. 

Structural 
packaging design. 

• • 
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Translations 

Translation, in graphical terms, is the interpretation of one 

method of drawing of an object into another. 

• Translation from working drawings to pictorial 

drawings, e.g. studying the 3rd angle orthographic 

projection and drawing a 2-point perspective to 

represent the same object. 

• Translation from pictorial drawings to working 

drawings, e.g . isometric to 3rd angle orthographic 

projection (Figures 2.20 and 2.21 ). 

Front 
Elevation 

Plan 

Figure 2.20 Pictorial (isometric) drawing of a 
hand-held games console. 

Figure 2.22 Pictorial drawing of a piece of 
packaging . 

End 
Elevation 

• • ~ -

• Translation from pictorial drawings to nets, e.g. 

studying an isometric drawing of a piece of packaging 

and drawing what the net would look like in order to 

construct the package (Figures 2.22 and 2.23). 

• Translation of nets to pictorial drawings, e.g. 2D net 

to 3D isometric. 

Plan 

[ r 
= 

Front elevation End elevation 

Figure 2.21 Third angle orthographic translation 
of pictorial drawing of hand-held games console. 

Figure 2.23 Translation of packaging into a net 
(development). 
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It is important that you practice all of these drawing 

methods through a series of drawing exercises using 

drawing boards and equipment. These drawing 

methods can be used in your portfolio of creative 

skills. However, in the exam you will not have a drawing 

board so you must also practice freehand sketching of 

these methods. 

3 Computer-generated graphics 
The use of computers for designing printed materials and 

products is now the industry standard, replacing the need 

for laborious and time-consuming manual drawing and 

cut and paste techniques. The possibilities created by this 

new technology have led to rapid developments in printed 

media, the Internet, animation and special effects for lV' 
and film. Central to this new world of computer-generated 

graphics has been the development of Internet web sites 

and computer games which are now a key part of the 

graphic design industry. As with the use of all ICT-based 

systems, designers have had to re-train and develop new 

design skills. The extremely steep learning curve required 

when learning a complicated new software package is one 

of the main drawbacks of these systems. 

Desktop publishing 

Desktop publishing (DTP) combines the features of word 

processing, graphic design and printing all in one package. 

The modern print media all use DTP to produce the layout 

of their pages digitally rather than the traditional process of 

typesetting. Here are some features of the simplified DTP 

process for producing a page layout. 

• Text can be imported from a word-processing package 

or typed directly into the DTP package. 

• Illustrations or graphics can be created within a 

specialised package, uploaded from a camera or 

scanned and manipulated as required. 

• The text and graphics are combined within the DTP 

package and inserted into a predetermined grid layout. 

Elements can be cropped or manipulated to best fit the 

page layout and add visual impact. 

• A proof copy of the page layout can be printed in 

colour for evaluation and/ or modification. 

Industrial and commercial practice 

Advantages of DTP for modifying designs: 

• text and image manipulation 

• wide availability of typefaces 

• graphic tools available 

• page layout grid and guides can be easily added on 

screen (invisible when printed) 

• cut and paste facility to alter page layouts 

• ability to zoom in and out for attention to detail. 

Disadvantages of DTP for modifying designs: 

There are very few disadvantages which specifically relate 

to DTP software other than the general disadvantages of 

using computers. These are: 

• the need to regularly invest in new software and 

hardware and the consequent re-training needed 

• incompatibility between different software file types 

and computer systems. 

20 computer graphics 

2D computer graphics and digital illustration are rapidly 

growing areas in the field of design. Many drawings that 

would have traditionally been hand drawn and rendered 

can now be easily achieved with the use of the appropriate 

software. These 2D software packages offer a range of 

tools to construct and manipulate images. The basic 

tools allow shapes and lines to be drawn, to which colour 

and texture can then be added. Effects and filters can be 

applied to vary the look such as blur or mosaic. Digitised 

images, such as scanned pictures and existing graphics 

files, can be combined and manipulated in the same way. 

Many of the contemporary characters designed for T-shirts, 

album covers, illustrations etc., are simply constructed 

using basic geometric shapes layered on top of each other 

with different colour fills. 

l Figure 2.24 Creating a 20 computer graphic from simple 
geometric shapes. 

• • 
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Sometimes we take computers for granted - how did 

we ever manage without them! Take a word-processing 

package like Microsoft Word for instance. What features 

does it have that make life easier for you when producing 

essays or reports? How does this compare with the 

traditional drafting and re-drafting of work on paper? 

4 Modelling and prototyping 

Sketch modelling 

Sketch modelling helps to determine shape, dimensions and 

surface details by constructing a 30 representation of the 

concept product, usually out of foam or a similar material . 

Sketch models can be extremely useful in determining the 

ergonomic factors of many products. By constructing a 

number of models of varying shapes and sizes it is possible 

for designers to literally get a 'feel' for the product. It 

wi ll soon become apparent in 30 form which designs 

are aesthetically pleasing or 'user friendly' and are worth 

developing - something that 20 images struggle to achieve. 

Rapid prototyping using CAD/CAM 

The need for manufactJring industries to cut down on 

the time and costs involved in developing a new product 

has led to the development of rapid prototyping (RPT). 

This involves the creation of 30 objects using laser 

technology to solidify liquid plastic polymers or resins 

in a process called stereolithography. Using specialist 

software applications that can be downloaded on to 

a stereolithography machine, 20 CAD drawings are 

converted to 30 models. The process is based on the 

computer slicing the 30 object into hundreds of very thin 

layers (typically 0.125-0.75mm ~hick) and transferring the 

data from each layer to the laser. 

The laser draws the first layer of the shape on to the 

surface of the resin, which causes it to solidify. The layer 

is supported on a platform that moves down enabling 

the next layer to be drawn. This process of drawing, 

solidifying and moving down quickly builds up one layer on 

top of another until the final 3D object is achieved. Most 

companies do not have this technology. Instead, they use 

RPT services from specialist companies. Stereolithography 

prototypes can typically be delivered within 3-5 days of the 

client's design data being recei·1ed, therefore saving both 

time and development costs. 

( Figure 2.25 Block modelling at the early stage of the development of the Dyson vacuum cleaner. 



Start: laser draws first 
layer on to resin 

Wiper moves across work 
to create an even surface 

t End: completed part 
is withdrawn from 
resin vat 

Figure 2.26 The process of stereolithography 

The main disadvantage of RPT with stereolithography is the 

cost. A typical stereo lithography printer will cost in excess 

of £10,000. Although the cost of each model is determined 

by factors such as its size and complexity, it will likely run 

into hundreds of pounds. 

Another RPT system is selective laser sintering (SLS), which 

uses a high-power laser to fuse small particles of polymer 

(usually nylon), metal, or ceramic powders into a mass 

representing a desired 3D object. The laser selectively 

fuses powdered material by scanning cross-sections 

generated from a 3D digital description of the part on 

the surface of a powder bed. After each cross-section is 

scanned, the powder bed is lowered by one layer thickness, 

a new layer of material is applied on top, and the process is 

repeated until the part is completed. 

Advantages of using RPT in the development of products. 

• Fast entry to marketplace due to reduced lead-time 

between design concept and the reality of components 

reaching market or approval. 

• 

• 
• 

• 

Produces very complex and intricate shapes directly 

from CAD data. 

Reduces development time and therefore saves money . 

Accurate prototyping, as computer design data is 

replicated in detail, so complex shapes are easily 

produced. 

Accurate testing, as materials in the model are more 

representative of the final product. 

\lirtual modelling 

A 3D image can give a more realistic impression than a 

2D image. Therefore, many designers will construct new 

----... 
Industrial and commercial practice 

Platform moves down with 
solidified first layer. Laser 
draws second layer on to 
resin. Wiper moves across 
work to even surface 

Process continues until 
all layers are produced 

products on-screen that, with skill, can easily be modified 

and manipulated. Product design teams can significantly 

decrease the time taken to design and develop a new 

product with 3D modelling, saving development costs and 

reducing time to market. These virtual products can be 

tested and evaluated without actually being manufactured 

and design data can be directly output to a CAM or RPT 

system for modelling prototypes. 

The rapid development in computer gaming has produced 

an impressive range of computer-generated characters 

interacting with life-like scenarios and landscapes. Rarely 

is a feature film released nowadays without containing 

computer-generated special effects and even actors. 3D 

animation starts with a wire frame model being created 

on-screen that can be viewed in all directions using built-in 

camera angles in the computer software. The wire frame 

model can then be rendered, giving it an appropriate 

surface finish or texture. This involves wrapping a 'skin' 

around the wire frame to give a photo-realistic image. 

Photo-realistic virtual models are often used by architects 

to show clients what their new building will look like. 

Animated 'walk-throughs' of interior designs give the client 

a real feel for the finished product. 

Discuss the advantages of using virtual 'walk-through' 

tours by architects when showing a client a new building 

or interior. Remember, the client is usually not a fully 

trained architect or designer and needs information to be 

communicated clearly. 

• 
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Figure 2.27 Architects made extensive use of virtual modelling when planning the London 2012 Olympic park. 

( Table 2.13 30 modelling techniques. 

Modelling techniqu• 

Wire frame model - a wire frame 
model is a visual representation of a 
3D object created using a collection of 
straight lines, curves and intersections. 
The result is a transparent 'skeleton' of 
a drawing that gives an impression of 
the overall 3D structure. 

Surface model - a surface or 'skin' 
is added to the wire frame model, 
making it a more realistic picture of 
the 3D object. 

Solid model - the production of a full 
digital representation of an object 
complete with the properties of the 
solid form. 

• -

Example Advantages Disadvantages - .................. =-·--
• Relatively simple and fast to calculate on a computer. 
• Used in cases where a high screen frame-rate is 

needed, e.g. planning CGI animation. 
• Able to review changes or rotate the object 

without long delays. 
• Well suited and widely used in computer numerically 

controlled (CNQ programming. 

• Greater definition of contours and surfaces. 
• Blending between surfaces is improved, i.e. how 

smoothly they connect to one another. 
• Hidden lines can be removed to give a more solid 

feel. 

• Photorealistic image produced using rendering 
techniques to apply shading, surface pattern and 
texture. 

• Clear communication - no confusion. 

• Difficult to read 
or interpret as all 
hidden lines are 
also in view. 

• Lacking in detail, 
i.e. no surface 
fin ishes. 

• Does not give 
any information 
about surface 
finishes or 
textures. 

• Complex data 
required, 
therefore slow 
to update and 
render objects . 
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5 Joining techniques has been applied to the cleaned and prepared surface 

Preparation 

it then has to cure (harden). It is important that the two 

surfaces are held in place securely so that they do not slip 

as this process can take several minutes, or hours. 

Adhesives require clean and thoroughly prepared surfaces 

in order for the joint to fully bond. As polymers often have 

a smooth and shiny surface finish, they should firstly be 

cleaned and roughened with an abrasive paper before 

bonding. Metal surfaces should also be degreased and 
roughened with an abrasive paper. Woods are porous so 

the adhesive will 'soak' into its surface. Once the adhesive 

Unit 2: Health and Safety: Control of Substances 

Hazardous to Health (COSHH) regulations. 

Table 2.14 Adhesives for joining like and unlike materials. 

Contact adhesive 

Acrylic cement 

Polystyrene cement 

Epoxy resin 

Metals and polymers; unlike 
materials, e.g. plastic to wood; 
general purpose; fabric to most 
materials 

Acrylic 

High-impact polystyrene (not 
expanded polystyrene) 

Most materials including expanded 
polystyrene 

Polyvinyl acetate (PVA) Woods (and porous materials) 

• Able to bond unlike materials. 
• Bond forms very quickly so less 

need for clamping, etc. 
• Ideal for gluing large sheet 

materials. 
• Sold in metal tubes for easy 

application. 

• Rapid bonding of acrylics. 

• Strong bond - melts surface of 
pieces to be joined and causes 
them to weld together. 

• Able to use a brush to apply 
(water-like consistency) and 
absorbed into joint by capillary 
action. 

• High-performance adhesive 
giving high-strength bonds. 

• Chemical reaction hardens 
immediately. 

• Versatile - can be made flexible 
or rigid, transparent or opaque/ 
coloured, rapid or slow setting. 

• Excellent heat and chemical 
resistance. 

• Gives a strong joint. 
• Relatively inexpensive. 

Disadvantages 

• Must be applied to both surfaces 
and some time must be allowed 
before they can be pushed 
together. 

• Relatively expensive. 
• Solvent-based so contains 

harmful volatile organic 
compounds (VOCs). 

• Can be difficult to apply and 
give a neat joint. 

• Relatively expensive. 
• Solvent-based so contains 

harmful volatile organic 
compounds (VOCs). 

• Relatively expensive. 
• Solvent-based so contains 

harmful volatile organic 
compounds (VOCs). 

• Reaches full strength only after a 
few days. 

• Expensive. 
• Often requires manual mixing of 

resin and hardener, which can be 
messy. 

• Surfaces need to be securely 
clamped together for long 
periods in order for PVA to 
harden. 

• Generally not waterproof 
(although some brands are) . 

• • 
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6 Industrial and commercial 
processes 

Structural packaging nets 

A net, also known as a development, is a flat 2D shape 

than can be cut, scored and folded to produce a 3D shape. 

Nets are widespread in the production of packaging using 

cartonboards. The packaging of a product is extremely 

important as it serves four main functions. 

• To contain the product safely while in transit using 

suitable materials and containers. 

• To protect the product while in transit to avoid 

breakages and unnecessary wastage by using suitable 

materials. 

• To dispense the product in a safe and convenient 

manner by using suitable closures. 

• To advertise the product for retail purposes in order 

to initially attract the customer's attention and then 

provide essential information. 

Many companies produce standard packaging nets for 

designers to adopt and simply add individual graphic 

identity. This ultimately will save valuable time and costs 

Fries 

• • -

in developing a product to market. There is also an 

internationally recognised system using diagrams of net 

constructions and symbols that avoids the need for lengthy 

and complicated verbal descriptions, especially useful in 

the global marketplace. 

Designing and creating packaging nets 

The accuracy of the drawing is extremely important when 

constructing nets. When drawing nets, technical drawing 

equipment or CAD programs should offer accuracy and 

consistency. To produce an accurate net the final 3D shape 

will need to be developed and drawn either by hand or on 

computer. This will enable the shape, size and layout of the 

net to be drawn more easily. The net will need to show the 

following constructional infornation: 

• cut lines - a continuous lire where the material is to be 

cut 

• fold lines - a broken line where the material is to be 

scored, folded, bent or heated 

• tabs - essential constructional information especially 

for paper, card and board showing where glue is to be 

applied or where dust flaps or tucks are required 

• the closure system 

• annotation - will assist in labelling edges, sides and 

features in relation to one another. 

~8 Commercially available packaging nets I ~~l:ldu;hef;;roducts . 



Glue flap 
(manufacturer's 

joint) 

Upper t uck 
_ ___ _ .J ... - ' - -- --

Top panel 

Back 
panel 

I 
1 Dust 
: panel 
!_ _ __ __ _ 

Side 
panel 

-Industrial and commercial practice ) 

Front (face) 
panel 

Dust 
flap 

Side 
panel 

I 
I 
I 
I 
I 

-....,_L_-_-_-_-_-_-_-_-_-_-_-_-_-_-+_-_-_-_-_-_-_-_-+--------t--,-------------~ _t 

I Figure 2.29 A typical manufacturer's plan for a folding carton. 

THINK ABOUT THIS! Q • @. 
After you have finished with a carton, don't simply 

throw it away- have a go at quickly sketching what you 

think the net looks like. The answer is easily viewed by 

simply undoing the carton to reveal the net. 

Commercial production of 
packaging nets 

The commercial production of packaging nets often 

requires large-scale production processes involving the 

use of automated machinery. 

( Table 2.15 Stages in the commercial production of packaging nets. 

Stage Processes 

Dust 
flap 

Making the die form 

Bottom 
fl ap 

: Dust 
: flap 

I 
I 

1---------I I --------------
Lower tuck 

Packaging nets for cartons need to be cut to shape after 

printing and before assembly or gluing. The cutters used 

are called dies and the stamping process is called die

cutting. Making a die-form can be carried out using CAM

operated forming machines but is often a skilled, hand

crafted process. The process involves cutting and shaping 

hardened steel rules (or press knives) and matrix strips that 

will either cut or crease the cartonboard on the die-cutting 

machine. Ejector rubbers are added to the cutting rulers 

to push the cartonboard away from the rulers after a cut 

has been made. The die-form is then mounted on the die

cutting machine. The making of the die-form is the major 

cost in the setting up of the carton-making job. 

Preparation • Making die form for die cutting and creasing process. 
• Pre-press - making four colour printing-plates (CMYK). 
• Purchase of cartonboard, printing inks and adhesives. 

Processing/production • Full colour printing onto sheets of cartonboard, i.e. offset lithographic printing. 
• Application of in-line surface finish, e.g. lamination, spot varnishing, etc. 
• Die-cutting of individual nets incorporating scoring of fold lines. 

Assembly • Folding of net into shape. 
• Gluing of tabs to form 30 structure. 
• Product and internal packaging inserted and then final flap glued into position. 

Finishing • Collation of multiple units, packing into corrugated board boxes and sealing. 
• Multiple boxes palletised and shrink-wrapped ready for distribution. 

• • ~ 
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f Figure 2.30 An example of a die-cut box in a flat state. 

Die cutting 

While the die-form is being made the cartonboard 

sheets for the job are selected and cut to size on a power 
guillotine. The cartonboard is then printed using the 
appropriate printing process, such as offset lithography. 

After the die-form is mounted on the machine, a test 
sheet is cut and adjustments and corrections made. Once 

satisfied, each printed sheet is fed onto a platen, directly 
below the die-form. The platen is then forced upwards, 
pushing the cartonboard hard against the rulers. The cutting 
rules cut right through the cartonboard, while the creasing 
rules push the card into the groove formed by the matrix 
strips. Once cut, the sheets are pulled to the next stage 
to be stripped of their waste. Ejector pins on the die-form 

push the waste away onto a conveyor belt for disposal while 
the nets leave the machine and are stacked ready for gluing. 

Folding and gluing 

In mass production or large batch production the nets 
are folded and glued on a highly automated gluing line. 
The first operation is to pre-fold one of the creases, and 
then the carton will travel to an automatic gluing station. 

The gluing module is 'timed' by a simple control system. 
When the front edge of the card blank breaks a light beam 

it triggers a device that squirts tiny drops of glue in quick 

succession. The final fold is made and the edges are held 
together under a moving belt until they reach the final 
stage. The cartons are stacked up and compressed, using 

• • ~ -

carefully controlled pressure, under another pair of slow
moving rubber belts. Here the adhesive has time to cure 
before the cartons are removed and packed for transit. 
The cartons are then shipped to the customer's site for 
assembly and filling. 

• @. 
It is a fascinating process to view packaging being 
produced by machinery. Try to locate a suitable 
company in your local area and organise a trip to 
their premises. You will be amazed at what modern 

automated machinery is capable of. 

7 Forming techniques 

Blow moulding 

In the blow moulding process a hollow thermoplastic 
tube (the parison) is extruded between a split mould 
and clamped at both ends. Hot air is blown in to the 

Extruder 

a 

0 0 
Tail 

0 

0 

Die opened 
and pari~on 
extruded 

Die closed 
and bottle 
blow formed 

Die opened 
after coollrig 
and bottle 

o formed 

I Figure 2.31 The blow moulding process. 



parison, which expands to take the shape of the mould, 

including any relief details such as threads and surface 

decoration. Once the polymer cools and solidifies the 

product is ejected by opening the split mould. Blow 

moulded containers do not have to be symmetrical and can 

incorporate handles, screw threads and undercut features. 

Injection moulding 

The injection moulding process makes use of a high-cost 

mould that is injected with a liquid polymer made by 

heating thermoplastic granules. Once the polymer cools 

and solidifies the formed product is ejected. Injection 

moulding is suitable for complex shapes with holes, screw 

fittings and integral hinges, formed by thinning the polymer. 

cooling - -1 - mould 

heating _j 

[J~1 
injection and cooling under pressure 

~ejecHoo ~ 
lfJ ~ ~tl:: =ESl=~==~=~~~~~~~~t'.::::~,....._,_;-~~; 

r Figure 2.32 The injection moulding process. 
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I Figure 2.33 The vacuum forming process. 

Vacuum forming 
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In vacuum forming, a thermoplastic sheet is clamped and 

heated, blown and stretched. Air is sucked out of the 

vacuum forming machine to pull the softened sheet over 

a mould pushed up from below. Once the polymer has 

cooled it solidifies and cold air is blown between the mould 

and thermoplastic sheet to release the formed product. In 

industry, 'multi moulds' of four, six or 12 identical moulds 

are used to create small batches in one forming. 

Table 2.16 Advantages, disadvantages and applications of thermoforming techniques 

Process 

Blow 
moulding 

Injection 
moulding 

Vacuum 
forming 

Advantages 

Intricate shapes can be formed. 
Can produce hollow shapes with thin walls to 
reduce weight and material costs. 
Ideal for mass production - low unit cost for 
each moulding. 

Ideal for mass production - low unit cost for 
each moulding for high volumes. 
Precision moulding - high-quality surface 
finish or texture can be added to the mould. 

Ideal for batch production - inexpensive. 
Relatively easy to make moulds that can be 
modified. 

Disadvantages 

High initial set-up costs as 
mould expensive to develop and 
produce. 

High initial set-up costs as 
mould expensive to develop and 
produce. 

Mould needs to be accurate to 
prevent webbing from occurring. 
Large amounts of waste material 
produced. 

Polymers used 

HOPE, LOPE, 
PET, PP. PS, 
PVC 

Nylon, ABS, 
PS, HOPE, PP 

Acrylic, HIPS, 
PVC 

Applications 

Plastic bottles and 
containers of all sizes 
and shapes, e.g. fizzy 
drinks bottles and 
shampoo bottles. 

Casings for electronic 
products, containers 
for storage and 
packaging. 

Chocolate box trays, 
yoghurt pots, blister 
packs, etc. 

• 
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8 Finishing processes 

Enhancing the format of paper and 
board 

There are a number of finishing processes that can be used 

to improve the performance and quality and enhance the 

aesthetic and functional properties of paper and board. 

However, all of these processes place additional costs onto 

a print job. 

Laminating 

Laminating applies a transparent plastic film to the 

surface of paper and board. Commercial laminating uses 

a polypropylene (PP) film that is glued to the paper as 

it is fed through a heating wedge under high pressure. 

Lamination provides a wide range of uses across the whole 

spectrum of printed products due to its properties of good 

gloss and strength and the advantages of low cost. 

Encapsulation 

Encapsulation is very similar to laminating with the addition 

of heat seams, therefore fully covering the edges of the 

paper or board. Commercial printers will use roll laminators 

for large print runs such as menus for restaurant chains. 

They require menus to be encapsulated to prevent them 

from becoming creased or wrinkled and easily wiped clean 

from food stains, or marked by grease from fingerprints . 

When smaller batches are required, for example, identity 

(ID) cards for schools or libraries, small and inexpensive 

pouch laminators are used.The inside of the lamination 

pouch is coated with a heat-activated film that sticks to the 

paper as it runs through the laminator. Inside the laminator 

the paper passes through a heater to activate the adhesive 

and then through rollers under pressure, ensuring that all 

adhesive layers bond to one another and that the edge is 

sealed. 

Plastic film 

D Heater 

In tray 

Card 

Figure 2.34 Encapsulation using a pouch laminator. 
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Varnishing 

Varnish is applied to paper and board in order to give 

it a high-gloss finish, for example, the pages of glossy 

magazines to give the paper a quality feel. The process 

involves a fine varnish being sprayed on to the surface of 

the paper or board. Once dry this gives a gloss finish that 

helps to protect the printing underneath. The varnishing 

process can only take place after the colour printing is 

completed. This is due to the oil- or water-based varnishes 

that are used, which take at least two hours to dry. This is 

a major disadvantage, as other finishing processes have to 

be delayed as the varnish dries. For example, a brochure 

cannot be collated, folded and bound as the pages would 

stick to one another. 

To speed up the drying process, ultra-violet (UV) varnishing 

can be used. Special varnishes dry almost st raight away if 

they are exposed to UV light. The varnish is sprayed onto 

the paper in the same way as other varnishes. However, 

after spraying the paper passes underneath UV lights, 

which dry the varnish almost instantaneously. This allows 

printed materials to move quickly on to other finishing 

processes. One disadvantage is that this type of machinery 

is expensive to purchase. However, it produces the 

ultimate in gloss finishes to paper and board. Varnish can 

also be applied using the screen printing process - and is 

particularly applicable to spot varnishing. 

Spray nozzles 

(c-----
Fine varnish spray 

Conveyor belt 

I UV light system 

UV 
hgh 

system 

\ 

( Figure 2.35 The ultra-violet (UV) varnishing process. 



UV varnish can be applied on spot locations of the paper 

as well as flooding the whole page. Spot varnishing applies 

UV varnish to selected areas of a printed image to enhance 

product impact or form part of the graphic design. There 

are several types of UV varnishes that can provide even 

greater visual impact and functional properties. 

• UV sparkle varnish containing metallic polyester flakes 

that adds "sparkle" when applied to selected areas of 

a printed image and will provide "shelf appeal" to a 

wide range of printed products. 

• Fragrance burst inks are designed for 'scratch 'n' sniff' 

applications to selected areas of printed sheets. The 

fragrance is released by gently rubbing the fragrance 

burst area. 

• Silver latex "scratch offs" are designed as opaque 

inks that can be printed over printed tickets or 

promotional cards and are readily removable using 

a coin or fingernail to display a pre-printed message 

underneath. 

Figure 2.36 UV spot varnishing to enhance product impact. 

Industrial and commercial practice J 
heated die 

rewind 
ree l 

baking plate 

[ Figure 2.37 The hot foil blocking process. 

Hot foil blocking 

paper or 
card 

Hot foil blocking, also known as foil blocking or hot foil 

printing, is used to produce true 'reflective metal' printing 

and other effects impossible with normal metallic printing 

inks. As a result, hot foil blocking can be used to enhance 

and add value to conventionally printed materials. The 

hot foil blocking process transfers a foil coating to paper 

or board by means of a heated die. A roll of foil with a 

polyester backing sheet is continuously fed over the paper 

or board and a heated die presses the foil on to its surface. 

Hot foil blocking can be used for marking a wide variety of 

surfaces, and has certain advantages over many other types 

of print finishes. 

• Being a dry process, there are no problems with fumes 

or solvent vapours, or mixing inks, and the printed 

goods can be handled immediately. 

• The printed image is 100% opaque. 

• It can be very economic in short-run printing. 

The main disadvantages of the process are: 

• because the image is created under heat and pressure, 

it tends to 'spread' a little, which creates difficulties 

in reproducing tints and halftones; fine line work, 

however, can be printed satisfactorily 

• the range of colours available, though wide, is limited 

to those produced by the foil manufacturers; while it 

may be possible to find a foil to match a custom colour 

requirement, in many cases the 'nearest available' will 

have to be used. 

( Figure 2.38 Hot foil blocking for visual impact. 
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Embossing 

Embossing is the process of creat ing a 30 image or design 

in paper and board producing a raised effect. Alternative ly, 

using debossing, the image is lowered into the surface of 

the paper and board. The process involves the use of a 

heated metal die (female) and a counter die (male) that fit 

together under pressure and actually squeeze the fibres 

of the paper into the desired shape. This pressu re and a 

combination of heat actually 'irons' while raising the level 

of the image higher than the paper to make it smooth. 

In commercial printing, embossing is carried out on a 

converted letterpress machine at the end of the production 

process after any varnishing or laminating processes. 

While the end result gives a high-quality and sophisticated 

appearance, the process costs as much as the printing, 

therefore doubling the cost of printed products. 

Confectionary products such as Toblerone and After Eight 

mints have embossed lettering on their packaging as do 

many greetings cards. 

THINK ABOUT THIS! Q • @. 
Imagine you are promoting a new restaurant or 

nightclub and want to portray a highly professional 

and upmarket image. Evaluate the use of expensive 

printing effects for your promotional flyer. For example, 

is it worth the money in order to attract the right type 

of customer? 

Surface decoration using CAD/CAM 

Laser cutting and engraving 

Laser cutting is a technology that uses a high-powered 

laser to cut materials, and is usually used in industrial 

manufacturing to produce features that otherwise would 

be problematic or even impossible to die-cut. It also 

eliminates the need for expensive tooling as the laser is 

directly controlled by computer using a CAD/CAM system. 

The laser either melts, burns or vaporises away the material 

leaving an edge with a high-quality surface finish . This 

process is ideal for manufacturing signage, for example, 

from sheet acrylic. 

Laser cutters usually work much like a milling machine 

would for working in sheet materials. The laser (equivalent 

to the mill) enters from the side of the sheet and cuts it 

through the axis of the beam. In order to be able to start 

• 

I 
Figure 2.39 Sub-surface laser engraving (SSLE) is the process 
of engraving an image below the surfcce of a solid material to 
produce 30 images in souvenir 'cr1sta'' or promotional items. 

cutting from somewhere other than the edge, a pierce is 

made before every cut. Piercing usually involves a high

power pulsed laser beam that slowly makes a hole in the 

material. 

Lasers are used in the printing indus~ry in the following ways. 

• Direct laser imaging of lithographic printing plates 

using a carbon dioxide laser imaging head to burn 

away unwanted material and form a negative printing 

plate directly from digital data. 

• Direct laser engraving of flexographic and gravure 

printing plates and cylinders using a high-power 

carbon dioxide laser head to form sharp relief images 

with steep, smooth edges to give a high standard of 

process colour reproduction. 

Advantages of laser cutting over mechanical cutting: 

• lack of physical contact with the material produces a 

clean edge 



• precision, as there is no wear on the laser and it is 

computer controlled 

• reduced chance of warping the material that is being 

cut, as laser systems have a small heat affected zone 

• some materials or features are very difficult or 

impossible to cut by more traditional means. 

Disadvantages include: 

• very expensive machinery 

• high energy consumption required to power lasers. 

\linyl cutting 

Vinyl is the common term used to describe plasticised 

PVC. Vinyl stickers or graphics are ideal for one-off or batch 

production, from an individual sign for a shop or restaurant 

frontage to a series of movie adverts covering the backs 

of buses. Many schools and colleges will have access to 

CAD/CAM facilities for cutting vinyl that directly replicate 

those of the commercial process. The image is designed on 

computer and digitally sent to the vinyl cutter for contour 

cutting. Commercial sign-makers usually have image banks 

and technically accurate dimensions for batch produced vinyl 

graphics, such as logos or trademarks for large companies. 

-----.\ 
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Once the cutting is complete, all of the background vinyl 

is removed using a process called 'weeding', leaving only 

the required graphic. The adhesive used on rolls of vinyl 

is contact or impact adhesive that has been lightly coated 

on the back and covered with a treated backing paper 

to protect it and make the vinyl easy to peel off. Finally, a 

layer of application tape is applied over the graphic. The 

application tape will adhere to the vinyl so that it can be 

removed from the backing sheet and put onto the required 

surface. The nature of vinyl gives the letters a soft and 

flexible quality that allows them to be adhered to a variety 

of contours. Once applied, the application tape can be 

removed leaving only the vinyl graphic in place. 

• @. 
Vinyl graphics are often used instead of the traditional 

hand-painted methods, especially on shop signage. 

Discuss the advantages of using CAD/CAM vinyl 

graphics for a shop sign. However, think about the 

impact upon the trade of the highly skilled professional 

sign writer. 

( Figure 2.40 Vinyl graphics have proved very successful when marketing and personalising the new Mini. 

• 
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9 Printing processes 
Commercial printing processes are distinguished by the 

method of image transfer used. Depending upon the 

process, the printed image is transferred to the paper 

either directly or indirectly. 

• In direct printing the image is transferred directly from 

the plate cylinder (or image carrier) to the paper, e.g. 

gravure, flexography, screen printing and letterpress 

printing processes. 

• In indirect, or offset, printing, the image is first 

transferred from the plate cylinder to the blanket 

cylinder and then to the paper, e.g. offset lithography, 

which is the most widely used commercial 

printing process. 

Offset lithography 

Lithography works on the basic principle that oil and 

water do not mix (they repel each other). Modern high

volume lithography is used to produce posters, books, 

newspapers, packaging, credit cards, decorated CDs - just 

about any flat surface, mass-produced item with print on it. 

The development of digital image setters has enabled print 

shops to produce negatives for plate making directly from 

digital images on computers using direct laser imaging 

- this is known as computer-to-plate (CTP). The positive 

image is the emulsion that remains after imaging. 

The printing plate, made from a fl exible aluminium or 

polymer, is fixed to the plate cylinder on a printing press. 

Rollers apply water, which covers the blank portions of the 

plate but is repelled by the emulsion of the image area. Ink, 

applied by other rollers, is repelled by the water and only 

adheres to the emulsion of the image area such as the text 

and photographs on a newspaper page. If this image was 

directly transferred to the paper, it would create a positive 

image, but the paper would become too wet. Instead, the 

plate rolls against a drum covered with a rubber blanket 

(blanket cylinder), which squeezes away the water and picks 

up the ink. The paper rolls across the blanket cylinder and 

the image is transferred to the paper. Because the image 

is first transferred, or offset to the blanket cylinder, this 

reproduction method is known as offset lithography or 

offset printing. 

Offset lithographic presses involve multiple print units, 

each containing one printing plate for the four process 

colours of Cyan, Magenta, Yellow and Black (CMYK) . 

• -
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Figure 2.41 The offset lithographic printing process. 

They are capable of printing multi-colour images in one 

pass on both sides of the sheet at very high speeds. Some 

presses can accommodate continuous rolls (webs) of paper, 

known as web presses. In order to produce richer colours, 

lithography presses often have 5 or even 6 separate 

colours. For example, when printing 'people' magazines, 

a pink or flesh tone is often added. There is no particular 

order with which the colours are printed. It is the printer 

who makes this decision depending upon the nature of 

the job and their understanding of how to produce the 

best finish. 

A good way of seeing how the separate colours are used 

in lithography to create the range of colours is to place a 

page from a magazine under a microscope. You will see 

that the coloured areas are made up from thousands of 

tiny dots. This process is similar to pointillism within art, a 

technique made famous by George Seu rat. 



Figure 2.42 The flexographic printing process. 

Flexography 

Flexography is the main printing process used to 

commercially print packaging materials including 

cartonboard containers, plastic bags and chocolate bar 

wrappers. Flexography uses a relief-type printing plate with 

raised images and only the raised images come in contact 

with the paper during printing. Printing plates are made of 

a flexible material, such as plastic, rubber or UV-sensitive 

polymer (photopolymer), so that they can be attached the 

plate cylinder for ink application. 

Flexographic presses comprise a plate cylinder, a metering 

cylinder known as the anilox roll that applies ink to the 

plate, and an ink pan. Some presses use a third roller as 

a fountain roller and, in some cases, a doctor blade for 

improved ink distribution. In the flexographic printing 

process, the paper is fed into the press from a roll. The 

image is printed as the paper is pulled through a series of 

print units. Each print unit prints a single process colour 

(CMYK). As with gravure and lithographic printing, the 

various tones and shading are achieved by overlaying the 

four basic shades of ink. 

Screen printing 

Screen printing is a widely used commercial printing 

process for producing many mass- or large-batch-produced 

graphics, such as posters or point-of-sale display stands. 

The screen is made of a piece of porous, finely woven fabric 

(originally silk, but nowadays typically made of polyester 

or nylon) stretched over a wooden or aluminium frame. A 

stencil is used to block off areas of the screen with a non

permeable material. This stencil is a negative of the image 

to be printed so the open spaces are where the ink will 

appear. Screens and stencils are produced commercially 

using the photo-emulsion technique. 

Industrial and commercial practice 
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• The original image is placed on a transparent overlay. 

The image may be drawn or painted directly on the 

overlay, photocopied, or printed with a laser printer, as 

long as the areas to be inked are opaque. 

• The overlay is placed over the emulsion-coated screen 

and then exposed with a strong light. 

• The areas that are not opaque in the overlay allow light 

to reach the emulsion, which hardens and sticks to the 

screen. 

• The screen is washed off thoroughly. The areas of 

emulsion that were not exposed to light dissolve and 

wash away, leaving a negative stencil of the image 

attached to the screen. 

f Figure 2.43 The screen-printing process. 

• • -
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The screen is placed on top of a piece of dry paper (or 

other material such as fabric). Ink is placed on top of the 

screen, and a squeegee (rubber blade) is used to push the 

ink evenly into the screen openings and onto the paper. 

The ink passes through the open spaces in the screen 

onto the paper below and then the screen is lifted away. 

The screen can be re-used after cleaning. If more than 

one colour is being printed on the same surface, the ink 

is allowed to dry and then the process is repeated with 

another screen carrying a different stencil and using a 

different colour of ink. 

Screen printing is one of the few commercial printing 

processes that can actually be replicated in school. Your 

art or textiles department may have some screens and 

printing inks for you to try this process for yourself. You 

could produce some T-shirts, which you might want to sell 

as a mini enterprise. 

Gravure 

Rotogravure (gravure for short) is a type of intaglio printing 

process where the image is engraved onto a copper 

plate cylinder. Gravure, like offset and flexography, uses 

a rotary printing press and the vast majority of presses 

print on reels of paper, rather than sheets of paper. Rotary 

gravure presses are the fastest and widest presses used 

commercially as they can print everything from narrow 

labels to 12-feet-wide rolls of vinyl flooring . In-l ine finishing 

operations such as saddle-wire stitching for magazines and 

brochures are also possible with a gravure press. 

Plate cylinders can be engraved digitally by a diamond

tipped or laser etching machine. On the gravure plate 

cylinder, the engraved image comprises small recessed 

cells that act as tiny ink wells. The depth and size of these 

wells control the amount of ink that gets transferred to 

the paper. 

A rotogravure printing press has one printing unit for 

each of the four process colours (CMYK). There are five 

basic components in each colour unit an engraved plate 

cylinder, an ink fountain, a doctor blade, an impression 

cylinder, and a dryer. The plate cylinder is partially 

• • ~ -

immersed in the ink fountain, filling the recessed cells. As 

the cylinder rotates, it draws ink out of the fountain with 

it. Acting as a squeegee, the doctor blade scrapes the 

cylinder before it makes contact with the paper, removing 

ink from the non-printing (non-recessed) areas. 

Next, the paper passes between the impression cylinder 

and the plate cylinder under pressure. Here, the ink is 

transferred from the recessed cells to the paper. The 

purpose of the impression cylinder is to apply force, 

pressing the paper onto the plate cylinder, ensuring even 

and maximum coverage of the ink. Finally, the paper passes 

through a dryer because it must be completely dry before 

going through the next colour unit and absorbing another 

coat of ink. 

I Figure 2.44 The rotogravure printing process. 



Table 2. 17 Advantages, disadvantages and applications of printing processes. 

Offset lithography 

Flexography 

Screen printing 

Gravure 

• Good reproduction quality, 
especially photographs. 

• Inexpensive printing process. 
• Able to print on a wide range of 

papers. 
• High printing speeds. 
• Widely available. 

• High-speed printing process. 
• Fast-drying inks. 
• Can print on same presses as 

letterpress. 

• Stencils easy to produce using 
photo-emulsion technique. 

• Versatile - can print on virtually 
any surface. 

• Economical for short, hand
produced runs. 

• Fully automatic methods capable 
of producing large volumes. 

• Consistent colour reproduction. 
• High-speed printing process. 

Widest printing presses. 
• Ink dries upon evaporation. 
• Variety of in-line finishing 

operations available. 
• Good results on lower-quality 

paper. 

• Colour variation due to water/ink 
mixture. 

• Paper can stretch due to 
dampening. 

• Set-up costs make it uneconomic 
on short runs. 

• Can only be used on flat 
materials. 

• Requires a good-quality surface. 

• Difficult to reproduce fine detail. 
• Colour may not be consistent. 
• Set-up costs high and would 

rarely be used on print runs below 
500,000. 

• Generally difficult to achieve fine 
detail (photographic screens able 
to reproduce fine detail). 

• Print requires long drying times. 

• High cost of engraved printing 
plates and cylinders. 

• Only efficient for long print runs. 
• Image printed as 'dots' that are 

visible to the naked eye. 
• Very expensive set-up costs, so 

only used on large print runs. 

Industrial and commercial practice 

Business stationery, brochures, 
posters, magazines, newspapers. 

Packaging, less-expensive 
magazines, paperbacks, 
newspapers. 

T-shirts, posters, plastic and metal 
signage, point-of-sale displays, 
promotional items, e.g. pens, 
glasses and mugs. 

High-quality art and photographic 
books, postage stamps, packaging, 
expensive magazines. 

• • 
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Getting started! 

What actually is quality? A friend might think that a certain 

product has quality but you might disagree, so, is it 

subjective? We can all name a product that we consider to 

be of a high quality but what qualities does it have? When 

designing products, quality refers to a product's ability to 

satisfy a need and, more importantly, its fitness for purpose. 

In manufacturing terms it is producing a product that is the 

best it can be, fully functional and free from defects. 

1 Quality assurance systems 
and quality control in 
production 

Quality assurance 

Quality assurance (QA) systems are the planned activities 

used by the manufacturer to monitor the quality of a 

product from its design and development stage, through 

its manufacture, to its end use, and degree of customer 

satisfaction. In other words, OA is an assurance that the 

end product fulfils all of its requi rements for quality. 

• In the first instance, OA ensures a product is fit for 

purpose using thorough testing throughout t he design 

and development stage. 

• It includes regulation of the quality of raw materials and 

components that the manufacturer buys in order to 

start production . 

• OA systems monitor the quality of components, 

products and assemblies in production through a series 

of quality control (QC) checks, tests and 

inspections processes. 

Produ• es 1n9 
througho~1t design and 

d 11elopment 

• Fina lly, OA supplies fact-based evidence for quality 

management systems to inspire external confidence to 

customers and other stakeholders that a product meets 

all of their needs and expectations. 

THINK ABOUT THIS! Q • 
®· 

We have all probably bought a product and found that 

it wasn't of a good quality. What do you suppose was 

the problem with it - design, materials, manufacture, 

assembly or finish? Was there a guarantee with it? 

Using your product analysis skills developed in Unit 1, 

outline the quality issues relating to a product that you 

are familiar with . 

Quality control 

QC is part of the achievement of quality assurance. It 

involves the actual activities used by a manufacturer to 

ensure a high-quality product is produced by means of 

inspection and testing. 

Inspection 

Inspection is the sampling and examination of components 

or products to check that they are within a specified 

tolerance. Tolerance is the degree to which a component 

is acceptable in order to function in accordance with its 

specification. For example, a drinks bottle must fit the 

machinery at the bottling plant for it to be held, moved and 

filled effectively, and must also hold the correct amount of 

liquid. A 54mm-diameter bottle is likely to have a tolerance of 

+/- O.Bmm. If, when inspected and tested, a bottle measures 

/' 
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Figure 2.45 A quality assurance system . 
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Figure 2.46 Quality control chart using tolerance. 

between 53.2mm and 54.8mm, it would be within the agreed 

tolerance and would therefore be accepted. Any bottle that 

lies beyond this tolerance would be scrapped and recycled. 

There are three main levels of inspection. 

• 100% inspection of all the units. 

• Normal inspection using a sampling plan under 

ordinary circumstances. For example part of a sampling 

plan on a large print run of say 500,000 leaflets may 

invo lve every 1000th leaflet having its colours checked 

against the original to ensure consistency. 

• Reduced inspection using a sampling plan requiring 

smaller sample sizes than those used in normal 

inspection. Reduced inspection is used in some 

inspection systems as an economy measure when the 

level of submitted quality is 'sufficiently good'. This may 

be used on a continuous print production line such as a 

company producing chocolate wrappers. Because the 

print runs 24/7, there is no need to check the print quality 

meticulously. In this case a visual check is sufficient. 

Computer-aided inspection is possible by using a 

coordinate-measuring machine (CMM) for dimensional 

measuring. A CMM is a mechanical system designed to 

move a measuring probe to determine the coordinates 

of points on the surface of a workpiece. These machines 

are used to quickly and accurately measure the sizes and 

positions of features on mechanical parts, with tolerances 

as small as 0.0001 inches. Laser scanning systems are often 

used that can determine the coordinates of many thousands 

of points. This data can then be taken and used to not only 

check size and position, but to create a 30 model of the 

part as well using a CAD system. This technique is used 

for more complex 30 products and would not be used for 

the production of 20 graphic products where very close 

dimensional tolerances are rarely required. 

[ Figure 2.47 Testing paper tissue for tensile strength. 

Testing 

Testing is concerned with the product's performance. 

Tests are carried out in laboratory conditions with strict 

control procedures to ensure that the results obtained are 

accurate. Tests are carried out on materials, components 

and the final product using two main methods. 

• Non-destructive testing (or failure testing), where the 

product is tested until it shows signs of failing, e.g. cracking, 

to determine how much force is needed to deform it. 

Figure 2.48 Compressive testing of a polymer used in packaging . 

• 
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• Testing to destruction, where the product is destroyed 

under controlled conditions and monitored to gather 

valuable research data, e.g. Euro New Car Assessment 

Programme (NCAP) for car safety testing. 

Quality control in print runs 

Paper is not an inert material - it reacts to changes in the 

environment, which may cause problems during a print run. 

Paper is affected dramatically by temperature and changes 

in humidity, which can cause it to curl. The relative humidity 

of the print room has to be controlled to ensure curl 

stability, which could affect the colour registration of the 

printed materials. Usually, when paper stock arrives at the 

print shop, it is kept in storage for a while in order for it to 

adapt to the relative humidity of the print room. During the 

print run itself, regular QC are made to ensure the quality 

of the printed materials. 

Table 2.18 Quality control checks used during a print run . 

Problem Description Quality control 

Set off The ink from one sheet Use of sufficient 
smudges onto the underside anti-set-off spray, 
of the following sheet. sufficiently quick-

drying inks or better 
quality paper stock. 

Colour The printer does not Use of colour 
variation maintain consistent colour bars and regular 

throughout the run. densitometer 
readings. 

Hickies Small areas of unwanted solid Regular washing of 
colour surrounded by an the blanket cylinder. 
unprinted 'halo' area; caused 
by specks of dirt, paper debris 
or ink skin on the printing 
plate or blanket cylinders. 

Bad Colours protrude beyond Regular Inspection 
regist~r the edge of the four colour of neglstration marks 

separations, making the to line up the four 
image look out of focus. colour separations 

exactly, 

Printers' marks 

To aid the QC in a print run, printers' marks are used. 

Colour bars, for example, provide vital informat ion 

about the performance of both the printing press and 

the inks being used. They contain a whole range of 

tests; some are visual checks made by the operator 

of the printing press, but others can be performed 

electronically using a densitometer. This instrument 

• -

monitors the thickness or density of the ink printed on 

the colour bar to ensure that it is of a consistent quality 

throughout a print run. 

Registration marks help to align the four process 

colours (CMYK) to form the full colour image. In offset 

lithography, for example, the full colour image is 

separated into the four process colours, a printing plate 

made for each colour and each print unit lays down 

one of the four process colours at a time. However, 

the process can be prone to error due to the incorrect 

registration of one of the printing plates. This results in 

a low-quality image where one colour is printed slightly 

'off centre', causing blurring. 

* 

THINK ABOUT THIS! Q • ®· 
What would be the consequences of manufacturing 

a product, such as a magazine, without applying QC 

procedures? 

edexcel 
l<Mndrc~ !Nrclre 11vu 

jonAttwood 

Serles editor. CAoff Hancoct 

[ Figure 2.49 Title page of this book showing the printers' marks. 

+ 



Total quality management 

Total quality management (TOM), often referred to as 

total quality control (TOC), is the strategic integrated 

system for achieving customer satisfaction by applying OA 

procedures at every stage of the production process. TOM 

is based on all members of an organisation participating 

in the continual improvement of processes, products, 

services and the overall culture in which they work. Each 

department in a company is treated as a client, therefore 

ensuring high standards of service and attention to detail 

when dealing between departments. For example, a 

production team must produce a high-quality component 

that the assembly team know is quality assured and will 

therefore fit perfectly. 

The British Standards Institute (BSI) operates a quality 

management system by which any organisation can be 

accredited to help them produce products of a consistent 

high quality. Known as the ISO 9000 series of standards, 

it is the world's most established quality framework, 

currently being used by over three-quarters of a million 

organisations in 161 countries. If an 

organisation is accredited with 

this standard, the customer is 

assured of the quality of the 

product and service. 

I 
Figure 2.50 The BSI Kitemark 
logo displayed by organi.sations 
gaining ISO 9000 accred1tat1on. 

Table 2.19 Benefits of the BS EN ISO 9000 series of standards. 

Sector Benefits 

Customers and users Receive products that: 
• conform to the requirements 
• are dependable and reliable 
• are available when needed 
• are maintainable. 

People in the organisation • Better working conditions. 
• Increased job satisfaction. 
• Improved health and safety. 
• Improved morale. 

Owners and investors • Increased return on investment. 
• Improved operational results. 
• Increased market share. 
• Increased profits. 

Society • Fulfilment of legal and 
regulatory requirements. 

• Improved health and safety. 
• Reduced environmental impact. 
• Increased security. 

2 Quality standards 
External formal standards are often used when testing, 

inspecting and verifying the overall quality of materials, 

components, products and systems. Formal standards are 

produced through standards organisations for national, 

European or international use. 

• National Standards, e.g. British Standards (prefix BS), 

are produced by a country's national standards body 

(NSB). In the UK, British Standards are developed 

together with the UK government, businesses and 

society. Some are enforced by regulation, but most 

standards are voluntary. 

• European Standards (prefix EN} are produced by 

the European Committee for Standardisation (CEN), 

whose members are the NSBs of the European Union 

countries. In the UK, they are adopted as British 

Standards (BS EN). 

• International Standards (prefix ISO} are produced by 

the International Organization for Standardisation (ISO), 

whose members are the NSBs of countries all over the 

world. BSI is a leading member of ISO and represents 

the UK's interest in the development of international 

standards. BSI also decides which international 

Standards to adopt as British Standards (BS ISO). 

Kitemark and CE marking 

The Kitemark symbol (Figure 2.50) was originally only used in 

the UK, but it is now recognised throughout the world as a 

mark of quality. Having a Kitemark associated with a product 

or service certifies that it complies with a particular standard. 

The letters 'CE' on a product are the manufacturer's claim that 

the product meets the requirements of all relevant European 

Directives. Many products are covered by these directives 

and for some, such as toys, it ..._,._,.. 

is a legal requirement to have 

a CE mark. This shows that the 

product achieves a minimum 

level of quality, and ensures it 

can be moved freely throughout 

the European Single Market. 

WEBLINKS: 0 

www.bsieducation.org 

www.bsi-global.com 

• ®· 

Figure 2.51 European 
CE marking for quality. 
accreditation . 

Quality ) 

• • 



( Unit 2: Design and Technology in Practice 

( Health and safety 

Getting started! 

Health and safety is a very important subject. Employers 

are legally required to minimise the risks to their employees 

and in turn employees need to take reasonable care when 

carrying out their jobs. The school D& T department is no 

different. What would happen if there were no signs on 

machinery or you were simply allowed to 'do what you 

want' in a workshop? Acting in an irresponsible way that 

might cause an injury or illness to yourself or someone else 

is a criminal offence that might lead to prosecution. 

1 Health and Safety at Work 
Act (1974) 

Under this Act of Parliament, employers are legally required 

to do all that is reasonably practicable to ensure the health, 

safety and welfare at work of employees, and the health 

and safety of non-employees such as students and visitors 

to a school. The following regulations are procedures to 

safeguard the risk of injury to people. 

Personal protective equipment 

The Persona/ Protective Equipment at Work Regulations, 

1992 state that employers have basic duties concerning the 

provision and use of personal protective equipment (PPE) 

at work. PPE is defined in the regulations as "all equipment 

(including clothing providing protection against the 

weather) which is intended to be worn or held by a person 

at work and which protects him against one or more risks 

to his health or safety." These can include safety helmets, 

gloves, eye protection, high-visibility clothing, safety 

footwear and face masks or respirators. 

The main requirement of the regulations is that PPE is to 

be supplied and used at work wherever there are risks to 

health and safety that cannot be adequately controlled in 

other ways. The Regulations also require that PPE is: 

• properly assessed before use to ensure it is suitable 

• maintained and stored properly 

• provided with instructions on how to use it safely 

• 

• used correctly by employees. 

Table 2.20 Hazards and types of personal protective 
equipment. 

Risk Hazards Personal protective 
equipment (PPE) 

Eyes Chemical or metal Safety spectacles, 
splash, dust, goggles, face shields, 
projectiles, gas and visors. 
vapour, radiation. 

Head Impact from A range of helmets 
falling or flying and bump caps. 
objects, risk of 
head bumping, hair 
entanglement. 

Breathing Dust, vapour, gas, Disposable filtering 
oxygen-deficient face-piece or 
atmospheres. respirator, half- or 

full-face respirators, 
air-fed helmets, 
breathing apparatus. 

Protecting the Temperature Conventional or 
body extremes, adverse disposable overalls, 

weather, chemical boiler suits, specialist 
or metal splash, protective clothing, 
spray from e.g. chain-mail 
pressure leaks or aprons, high-visibility 
spray guns, impact clothing. 
or penetration, 
contaminated dust, 
excessive wear or 
entanglement of 
own clothing. 

Hands and arms Abrasion, Gloves, gauntlets, 
temperature mitts, wrist-cuffs, 
extremes, cuts armlets. 
and punctures, 
impact, chemicals, 
electric shock, skin 
infection, disease 
or contamination. 

Feet and legs Wet, electrostatic Safety boots and 
build-up, slipping, shoes with protective 
cuts and punctures, toe caps and 
falling objects, penetration-resistant 
metal and chemical mid-sole, gaiters, 
splash, abrasion. leggings, spats . 



Health and safety ') __,, 

Signage 

The Safety Signs (Signs and Signals) Regulations, 1996 

require employers to display an appropriate safety sign 

and instruction wherever a significant risk or harm cannot 

be avoided or reduced by other means. These Regulations 

bring into force a European Directive whose purpose is to 

encourage the standardisation of safety signs throughout 

Europe so that safety signs, wherever they are seen, have 

the same meaning. 

The Regulations cover various means of communicating health 

and safety information. These include the use of illuminated 

signs, acoustic signals such as fire alarms, and traditional 

signboards such as prohibition, warning and fire safety signs, 

e.g. signs for fire exits and fire-fighting equipment. 

Table 2.21 Standard health and safety signage. 

Health and safety sign.1ge 

(Reference: http://www.archersafetysigns.co.uk) 

Prohibition signs are used to prohibit 
actions to prevent personal injury and the 
risk of fire. 

Mandatory signs convey action that must 
be taken e.g. procedures in case of fire. 

Warning signs are to warn personnel of 
possible dangers in the work place. 

Safe condition signs show directions to 
areas of safety and medical assistance. 

Fire equipment signs show the location of 
fire equipment and compliance with Fire 
Precautions. 

Example 

• - I 

CAUTION 
Cleanlngln 
progl'Mll 

• • 
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Warning symbols 

Warning symbols are placed on products to provide health 

and safety information for the consumer. For example, 

British Standard (BS) EN 71 is concerned with the safety of 

toys, of which Part 6: Graphical Symbol for Age Warn ing 

Labelling, covers age warning symbol labelling and 

specifies the requirements of the symbols used on toys not 

suitable for children under the age of three. 

Many warning symbols appear on the packaging of 

adhesives and domestic cleaning products along with 

additional safety instructions that outline any potential risks 

to users. 

Not suitable for children 
under 3 years (36 months) 

IRRITANT 

Irritant to eyes and skin 

Figure 2.52 Warning symbols on packaging. 

WEBLINKS: Q 

www.bsieducation.org - British Standards Institute (BSI) 

www.btha.co.uk- British Toy and Hobby Association 

Why is it important for the packaging of toys to carry 

an age warning symbol? What are the risks to a young 

child's health and safety by not paying attention to 

such warnings? 

Hazard Risk 
I 

Health and Safety Executive risk 
assessments 

Government guidelines for health and safety issues within 

the workplace, including schools, are laid out by the Health 

and Safety Executive (HSE). The HSE states that all places 

of work must carry out risk assessments of their facilities to 

identify any potential hazards to employees or students, and 

to put in place control measures to reduce the risk of injury. 

The HSE outlines its 'Five Steps to Risk Assessment': 

1. Identify the hazard. 

2. Identify the people at risk. 

3. Evaluate the risks. 

4. Decide upon suitable control measures. 

5. Record risk assessment. 

WEBLINKS: Q • ®· 
www.hse.gov.uk - The Health and Safety Commission is 

responsible for health and safety regulation in 

Great Britain. 

Using computers 

Computers are often used to design graphic products. This 

will involve large amounts of time sitting at a computer 

workstation, looking at a monitor or screen, typing at a 

keyboard and using a mouse - all of which are potential 

hazards. The HSE, together with the European Union 'VDU 

Directive', has regulations and guidance on working at a 

computer workstation. 

Repetitive strain injury 

Repetitive strain injury (RSI) is a medical condition affecting 

muscles, tendons and nerves in the arms and upper back. It 

occurs when muscles in these areas are kept t ense for very 

long periods of time, due to poor posture and/or repetitive 

motions. There are a number of ergonomic products 

available to reduce the risks occurring from prolonged 

-..... 
Potential (of risk) from a 

substance, machine or operation. 
Reality (of harm from 

the hazard). 
Action taken to minimise 

the risks to people. 

( Figure 2.53 What is the difference between a hazard and a risk? 

• • -
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The environment must provide 
adequate lighting and the heat 
produced by equipment must not 
cause discomfort to the user 

The workstation must provide sufficient space for the 
user to change position and vary movements 

---'""'";;:---The screen 

The chair must be 
stable and allow for 
freedom of 
movement. The 
height of the chair 
and the backrest 
must be fully 
adjustable 

E 
E 

LO 
M 
LO 
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M 

:• 200mm " 

380-470 mm 
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Figure 2.54 Guidance for working safely and comfortably at a computer. 

use of computers, including ergonomic keyboards and 

mice. The computer mouse, for example, is an important 

cause of RSI as the normal shape forces the hand into an 

unnatural position. Since a mouse is essential to computer 

work it is very important to use an ergonomic one. 

Table 2.22 Part of a risk assessment for using a computer. 

Hazard Risk People at risk Control measure 

Figure 2.55 Repetitive 
strain injury (RSI) can 
be reduced by using 
ergonomic products such 
as this vertically held 
mouse, which reduces 
strain on the wrist. 

• I 

Using a Repetitive User • Keyboard should tilt to provide a comfortable typing position. 
computer strain injury • Use an ergonomic keyboard with wrist support. 

(RSI) • Use an ergonomic mouse. 
• Take regular breaks to rest hands. 

Eye strain User • Adjust glare from monitor using brightness and contrast controls. 

must swivel and 
tilt easily. Glare 
from the screen 
should be easily 
adjusted using 
brightness and 
contrast controls. 
An anti-glare 
screen could be 
fitted 

• Use of an anti-glare screen fitted to monitor to reduce screen flicker. 
• Tilt or swivel monitor to reduce reflections. 
• Take regular breaks to rest eyes. 

• • 
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Table 2.23 Part of a risk assessment for using a pillar drill. 

Haurd Rlslc 

Using a pillar drill Damage to eyes 
from flying debris 

Cuts from metal 
shavings 

Workshop practices 

People at risk 

User/people in 
immediate area 

User 

When making models and prototypes in Graphic Products 

it is essential that a fully equipped workshop is used. 

Obviously, there are a wide range of potential hazards 

when using machinery, power tools and equipment. The 

school or college will have carried out a detailed risk 

assessment for each piece of equipment, which should be 

clearly displayed for your information. 

THINK ABOUT THIS! Q 

In small groups, carry out a series of risk assessments 

for different workshop machinery, equipment 

and processes. Collate your work to build up a 

comprehensive set of risk assessments that you can use 

in your coursework projects. 

Corrtrol measure 

• Use appropriate PPE i.e. safety specs or goggles. 
• User fully briefed on use of machine (general machine safety), i.e. 

guards in position. 
• Appropriate supervision by teacher or technician. 
• Other students wait behind marked yellow lines or barriers when not 

using machine. 

• Work clamped securely in vice (never held in hand) to prevent work 
from catching and spinning. 

• Use of appropriate PPE, i.e. gloves. 
• Use a small 'stick' to remove large spiral shavings. 
• Place shavings into appropriate disposal container. 

Control of Substances Hazardous to 
Health (COSHH) regulations 

These regulations place a duty on employers to make 

an assessment of risks for work involving exposure to 

substances hazardous to health. Steps must be taken to 

prevent or control adequately tre exposure of employees 

and others to these substances. Hazardous substances 

include: 

• substances used directly in work activities such as 

adhesives, paints and cleaning agents 

• substances generated during work activities such as 

fumes from soldering and welding 

• naturally occurring substances such as dust 

• biological agents such as bc;cteria and other micro

organisms. 

Table 2.24 Health and Safety Executive (HSE) guidance on COSHH regulations. 

Step 

2 

3 

4 

5 

• • 

Assess the risks 

Decide what precautions are 
needed 

Prevent or adequately control 
exposure 

Ensure that control measures are 
used and maintained 

Monitor exposure 

Action 

Assess the risks to health from hazardous substances used in or created by workplace 
activities. 

Do not carry out work that could expose employees to hazardous substances without first 
considering the risks and the necessary precautions, and what else is needed to comply with 
COSHH. 

Prevent employees being exposed to hazardous substances. Where preventing exposure is 
not reasonably practicable, then it must be adequately controlled. 

Ensure that control measures are used and maintained properly and that safety procedures 
are followed. 

Monitor the exposure of employees to hazardous substances, if necessary. 



Health and safety ) 

6 Carry out appropriate health 
surveillance 

Carry out appropriate health surveillance where assessment has shown it necessary or where 
COSHH sets specific requirements. 

7 Prepare plans and procedures to 
deal with accidents, incidents and 
emergencies 

Prepare plans and procedures to deal with accidents, incidents and emergencies involving 
hazardous substances, where necessary. 

8 Ensure employees are properly 
informed, trained and supervised 

Provide employees with suitable and sufficient information, instruction and training. 

Many adhesives are solvent-based, containing volatile 

organic compounds (VOCs) that give off vapours that 

can cause dizziness and nausea. Because of this, these 

substances are extremely hazardous to use within confined 

indoor areas such as workshops or classrooms. It is 

important that thorough risk assessments are carried out 

and the appropriate action taken to minimise the risks. 

WEBLINKS: 0 • ®· 
www.coshh-essentials.org.uk - COSHH Regulations 

( Table 2.25 Part of a risk assessment for storage and use of solvent-based adhesives. 

Use of solvent
based adhesives 

Risk 

Burns from User 
corrosive adhesives 

Inhalation of VOC 
vapours 

Storage 

User/people in 
immediate area 

Technician and 
teaching staff 

Control meesure 

• Use appropriate PPE including gloves and eye protection. 
• Users fully briefed on safe use of adhesives. 
• Appropriate supervision by teacher or technician. 
• Wash area immediately with warm soapy water - seek medical 

attention. 
• Eyes - seek medical attention immediately; use an eye bath to 

wash eyes. 

• Use only in well-ventilated areas, i.e. use extraction or open external 
windows/doors. 

• Appropriate supervision by teacher or technician. 
• Use of face-mask or respirator. 
• If dizziness and nausea occur - vacate area immediately and seek 

medical attention. 

• Store in a secure metal cupboard. 
• Cupboard easily identifiable (yellow) with appropriate safety 

signage clearly displayed. 
• Staff to be fully briefed as to safe storage of adhesives. 
• Checks by technician on a regular basis. 

• 



Revision checklist 
t> Make sure that you have answered a ll the questions at the end of this section. 

t> Make sure that your revision notes are well ordered, clear and up-to-date. 

t> Use the web links to read around each key topic so that you are well informed. 

t> Use sample assessment materials and past papers to practice your exam technique. 

t> Discuss any problems with your peers or teacher - don't keep them to yourself! 



These types of questions will not feature heavily at A2 level but may 
appear at the beginning of the paper or question part. They are 
designed to ease you into the question with a simple statement or 
short phrase. 

(2+ marks) These types of questions ask you to simply describe something in 
detail. Some questions may also ask you to use notes and sketches; 
you can gain marks with the use of a clearly labelled sketch. 

(2+ marks) These types of questions will be commonplace in this exam. They are 
asking you to respond in detail to the question - no short phrases will 
be acceptable here. Instead, you will have to make a valid point and 
justify it. 

(4+ marks) These types of questions will appear towards the end of the paper or 
question part and are designed to stretch and challenge the more 
able student. They require you to make a well-balanced argument, 
usually involving both advantages and disadvantages. 
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The following four questions should demonstrate the 
style of questions using the different types of command 
words. The places where marks have been awarded are 
indicated in brackets. These are referred to as 'trigger 
points' and are parts of the examiner's mark scheme 
where it is expected marks will be awarded. 

Exam question 1 
Give two reasons why a thin layer of tin is added to a 
steel drinks can. {2} 

This question is a straightforward 'give' question, so 
short statements are acceptable and they do not have 
to be justified. 

Danny 

1. Stops can from rusting 

2. 

(1) 

(1 mark) 

Here, the student has given one relevant reason for 
using tin. However, they have not even attempted 
a second response. It is really important that you 
attempt all questions - even if you have to make an 
educated guessl 

Emma 

1. Tin prevents corrosion of the steel can {1} 

2. Protective layer extends the shelf-life of the 
product (1) 

(2 marks} 

Two well constructed sentences that give two 
appropriate reasons for using a layer of tin on a steel 
drinks can - full marks. 

Exam question 2 
Explain two reasons why polystyrene (PS) is used for 
the casing of many electrical products, such as 
mobile phones. {4} 

This question asks you to apply your knowledge 
and understanding of polymers (polystyrene, to be 
specific) to a familiar product. In this question you are 
asked for two explanations worth two marks each. In 
other words, two fully justified points. 

Louise 
1. You can get polystyrene in a wide range of colours 

(1) so your mobile phone can be different colours. 

2. Polystyrene is lightweight. (1) 
(2 marks) 

Here, the student has given two acceptable properties 
of polystyrene that make it suitable for use in a mobile 
phone. However, the first answer is not fully justified 
and the second offers no justification at all. 

Sally 
1. Polystyrene is a thermoplastic, {1) which means 

that it can be easily formed {1) into a casing using 
injection moulding. 

2. Polystyrene is lightweight, (1) so it is ideal for 
portable devices (1) such as mobile phones. 

(4 marks) 

This student achieves full marks for this question as 
both properties of polystyrene are fully justified when 
applied to its use in mobile phones. 

Exam question 3 
Justify the use of a forehead thermometer with 
thermochromic liquid crystals rather than the 
traditional glass and mercury thermometer when 
taking the temperature of a young child. (4) 

This question relates to smart materials and in 
particular thermochromic liquid crystals. You must 
apply your knowledge and understanding of 
thermochromic liquid crystals to their application as 
a forehead thermometer and t'1en compare it with 
another similar product. Again you are asked for two 
fully justified points, although this time the question is 
not as structured as 2 x 2 marks. Instead, the mark in 
brackets indicates that there should be four marking 
points. 

Paul 
They are safer (1) and they are cheaper than 
traditional thermometers. (1 mark) 

Here, the student has given one relevant point but has 
offered no justification as to why thermochromic liquid 
crystal thermometers are safer. The second point is 
not relevant to this question. They may actually be 
'cheaper', but what has this fact got to do with taking 
the temperature of a young child? 

Adam 
They are safer (1) because they will not crack like glass 
or cause mercury poisoning. (1) You can also take the 
temperature on the child's forehead rather than in the 
mouth, (1) which is much less stressful for the child. (1) 

(4 marks) 

This response gets full marks because each point is 
relevant and fully justified. 



Exam question 4 
Evaluate the use of mass production to manufacture 
many consumer goods. (6) 

This question asks For an 'evaluation' ofa topic so the 
response must look at both sides of the argument 
- using both advantages and disadvantages. It is a 
type of question that is supposed to stretch students 
because it is more open ended. 

Lynsey 
Mass production is a good way of producing thousands 
of products because people Want to buy them so they 
have to cater for rhe demand (1 ). Witten thousands are 
produced the cost of manufacture reduces sa products 
ar_e cheaper {1 ). Products aren't as dear so more people 
will buy them and that's why mass production is good. 

{2 marks) 

Here, the student has started well with two relevant 
points (although not really justified enough to gain 
two marks each) but soon runs out of steam. Tne 

last sentence repeats an earlier point - 'products are 
cheaper' is the same as 'products aren't as dear'. 

Barbara 
Mass production is a suitable scale of production for 
many consumer goods because it takes advantage 
of economies of scale (1) and buying materials 
and components in bulk making them cheaper. (1 ) 
Mass production uses automated machinety on 
production lines, (1) which is a highly efficient (1) way of 
manufacturing on a large scal.e. 

However, mass production can 'have many negative 
effects upon the workforce. Many workers are low 
skilled (1) and simply mind machines. This can lead 
to poor job satisfaction (1) due ro the mundane and 
repetitive nature of the job. (6 marks) 

This response gains full marks as it addresses both the 
advantages and disadvantages of mass production. The 
r~sponse is succinct and well structured, containing six 
rigger points from the examiner's mark scheme. 
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Design for the Future 

( Summary of expectations 

1 What to expect 

In this unit, you will develop your knowledge and 

understanding of a range of modern design and 

manufacturing practices and contemporary design 

issues. The modern designer must have a good working 

knowledge of the use of information and communication 

technology (ICT) and systems and control technology in the 

design and manufacture of products. They must also be 

aware of the important contributions of designers from the 

past, which may provide inspiration for future design. 

It is increasingly important that you develop an awareness 

of the impact of design and technological activities upon 

the environment. Sustainable product design is a key 

feature of modern design practices. 

2 How will it be assessed? 

Your knowledge and understanding of top ics in this unit will 

be externally assessed through a 2-hour examination paper 

set and marked by Edexcel. The exam paper will be in the 

form of a question and answer booklet consisting of short

answer and extended-writing type questions. 

The total number of marks for the paper is 70. 

3 What will be assessed? 

This unit is divided into four main sections, with 

each section outlining the specific knowledge and 

understanding that you need to learn: 

3.1 Industrial and commercial practice 

• Information and communication technology (ICT). 

• Digital special effects. 

• Biotechnology. 

• • . -

3.2 Systems and control 

• Manufacturing systems. 

• Computer-integrated manufacture (CIM). 

• Robotics and Artificial Intelligence (Al) . 

• Flow charts. 

3.3 Design in context 

• The effects of technological changes on society. 

• Influences of design history on the development 

of products. 

• Form and function . 

• Anthropometrics and ergonomics. 

3.4 Sustainability 

• Life cycle assessment (LCA). 

• Cleaner design and technology. 

• Minimising waste production. 

• Renewable and non-renewable sources of energy. 

• Responsibilities of developed countries. 

4 How to be successful in this unit 
To be successful in this unit you will need to: 

• have a clear understanding of the topics covered in 

this unit 

• apply your knowledge and understanding to a given 

situation or context 

• use specialist technical terminology where appropriate 

• write clear and well-structured answers to the exam 

questions that target the amount of marks available. 

5 How much is it worth? 
This unit is worth 40 per cent of the A2 cou rse and 20 per 

cent of the overall full Advanced GCE. 

A2. level 40% 

Fu!IGCE 20% 

• 


