EDEXCEL

GCE Design and Technology:
Product Design (AS)
(Graphics Products)

EXEMPLAR MATERIAL 3

Title: Ipod Mini

UNIT: 6GRO1
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Performance Analysis

Specification

Function:

® The purpose of the soap dispenser is to deliver a controlled
amount of hand wash to the user when the top is pressed.

- Form:

e The dispenser is shaped as a rounded bottle so that it can be
easily held.

¢ [t has been designed to stand up on its own so that it can be
placed on a counter without falling over.

® The top is shaped as a large rounded lever so that it can be
easily pressed to dispense soap.

& The spout has been shaped to deliver a controlled amount

of hand wash when the lever is pressed.

User Requirements:

e [t should be lightweight so that it can be easily held and controlled when dispensing the
hand wash.

® [t should be simple and easy to use/dispense so that young children can also use it.

~ @ It should have eye catching graphics so that it is appealing to the user.

® The plastic used is clear so that the colour hand wash can be seen and is appealing to the
USEr.

e The bottle is not reusable so should be recyclable when the user wants to throw it away.

Performance Requirements:

® The lever should use a spring mechanism so that when it is pressed, it returns to its original
position.

" The bottle should hold at least 250ml of hand wash.

» The bottle should be able to be printed onto or have a label stuck on which can have
graphics printed onto it.

® The label used for the bottle must be waterproof so that it can within stand water over a
long period of time.

Material and Component Requirements:

- ® The materials used should be light so that the bottle is easily transported.

¢ The materials should be readily available and relatively cheap so that production costs can
be minimised.

e The materials and components used must be tough and long lasting so that they can
withstand use over a fairly long time,

® The materials used for the bottle must be capable of being formed into complex shapes
quickly, so that the production time of each bottle is short.

. @ The bottle should be made out of recyclable materials so that it is good for the
environment.

e The plastic should be clear so that the user can see how much hand wash is still left in it.

Scale of Production and Cost




- Function:
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* The bottle will be designed to be batch produced in relatively high numbers rather than
mass produced, as the design may need change quickly to accommodate market trends.

e The design must be simple enough to be produced using fast automated processes, so that
costs to users can be kept as low as possible.

» The cost of the bottle in this analysis is £1.50-£24

Comparison with a Similar Product

® The purpose of the soap dispenser is to deliver a controlled amount ot hand wash to the
user when the lever is pressed.

Form:
® The product is shaped as a large rounded plastic dispenser so that it stands out and can be
used by all ages.

~ o It can be fitted to the wall so that it can’t spill or fall over.

* [t has been designed to also appealing in its design to the user. My product has a simpler
and more of a commercial design because it is designed to be used in public toilets.

e The lever is on the bottom of the product so that it can be easily pressed to dispense soap.
e The front of the product has clear plastic so that the user can see how much hand wash is in
it

User Requirements:

~ o It has a large lever so that it should be simple and easy to use/dispense so that young

children can also use it.
e [t should have a simple and modern design so that it is attractive to users.
® [t should have a lever so that a controlled amount of hand wash can be dispensed.
® The dispenser should be refillable so it can be used over a long period of time.

Performance Requirements:

e The lever should use a spring mechanism so that when it is pressed, it returns to its original
position.

® The product should hold at least 500ml of hand wash.

® The dispenser should be able to have graphics printed onto it or stuck to it so it is attractive
to the users.

® The label used for the bottle must be waterproof so that it can within stand water over a
long period of time.

Material and Component Requirements:

® The materials should be readily available and relatively cheap so that production costs can
be minimised.

® The materials and components used must be very tough and long lasting so that they can
withstand use over a very long time. This product is meant to last a much longer time than
my product as it is going to be used by a lot of people.

e The materials used for the bottle must be capable of being formed into complex shapes
fairly quickly, so that the production time of each bottle is as quick as possible.

g =
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Scale of Production and Cost

e The dispenser will be designed to be batch produced in relatively high numbers rather than
mass produced, as the design may need change quickly to accommodate market trends.

e The design must be simple enough to be produced using fast automated processes, so that
costs to users can be kept as low as possible.

e The cost of the bottle in this analysis is £8-34

Materials and Components

_ Bottle

The material used in manufacturing the bottle is
Polyethylene terephthalate (PET). This material has
properties that make it suitable for this product such as:

e [ightweight — having a low density it saves energy
as packaging requires less fuel to manufacture and
transport than compared with other materials.

e (Cost-effective - economic as it can be produced in
custom-made forms when blow moulding.

¢ Transparent - customer can see into the product.

e Durable - lasts a long time after a lot of handling.

¢ Good impact resistance — shatterproof so it can’t
break if user drops it.

e Good resistance to chemicals — when user washes
their hands, it will come into contact with chemicals which may reduced the quality
or properties of the bottle if it wasn’t resistant to chemicals.

e Can be pigmented and is available in a range of colours — attractive to users and a
range of different designs can be produced to appeal to the customers.

e Very tough.

e Good flow characteristics - suitable for blow moulding.

e Low water absorption — plastic bottle will come into contact with water so being
water resistance is good.

A suitable alternative material for the body could have been Low density polyethylene
(LDPE), which has the following properties:
e Flexible — easy to bend and transform its shape if the bottle needs to be squeezed.
e Soft plastic — can be easily shaped and squeezed if used in a bottle.
e Good chemical resistance — the plastic will come into contact with chemicals so good
to have a resistance.

Tough and hard wearing.

e [ow water absorption — plastic bottle will come into contact with water so being
water resistance is good.

e Cost-effective - economic as it can be produced in custom-made forms when blow
moulding.

e Transparent — customer can see into the product.

When comparing PET and LDPE for use in manufacturing the plastic bottle, PET is the
preferred choice for the following reasons:

.
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e Although both plastics are tough and shatterproof, PET is still a lot stronger than
LDPE and therefore is a better material to use when producing the bottle through
blow moulding. PET will be stronger and stand a higher pressure without shattering
or cracking.

e PET is preferable for this product compared with LDPE because it is more rigid and
less flexible. Although being slightly flexible is a good quality for a bottle, when the
bottle is constantly pressed to dispense the hand wash, it needs to be strong to
withstand this impact over a long time and hold its shape.

e PET 1s more cost effective because LDPE is more flexible plastic, thicker walls for
the bottle would be needed to withstand the impact and therefore, the cost to use
LDPE with the thicker walls would be greater than the thinner but still tough walls of
the PET.

e Both are resistant to chemicals however, PET is more resistant and will therefore be
less corrosive and withstand a long time being used.

Bottle top

The material used in manufacturing the bottle top
is Polypropylene (PP). This material has
properties that make it suitable for this product
such as:

o Lightweight - saving energy as packaging
requires less fuel to manufacture and
transport than other materials.

e Very tough- the plastic has to be very
strong so it can withstand the impact of
being pushed down over a long period of
time.

e Cost-effective - economic as it can be
produced in custom-made forms when
injection moulding. Thousands of these
bottle tops can be produced in a batch very quickly.

e Durable - lasts a long time after a lot of handling.

* Good impact resistance — shatterproof so it can’t break if user drops it.

e Good resistance to chemicals — when user washes their hands, it will come into
contact with chemicals which may reduce the quality or properties of the bottle if it
wasn’t resistant to chemicals.

e (Can be pigmented and is available in a range of colours — attractive to users and a
range of different designs can be produced to appeal to the customers.

e Good flow characteristics - suitable for injection moulding.

e Low water absorption — plastic bottle will come into contact with water so being
water resistance is good.

A suitable alternative material for the body could have been High density poly(ethene)
(HDPE), which has the following properties:
e Flexible — easy to bend and transform its shape if the bottle needs to be squeezed.
e Lightweight - saving energy as packaging requires less fuel to manufacture and
transport than other materials.
e Soft plastic — can be easily shaped and squeezed if used in a bottle.
* (Good chemical resistance — the plastic will come into contact with chemicals so good
to have a resistance.
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» Low water absorption — plastic bottle will come into contact with water so being
water resistance 1s good.

e (Cost-effective - economic as it can be produced in custom-made forms when blow
moulding.

e Transparent — customer can see into the product.

- When comparing PP and HDPE for use in manufacturing the plastic bottle top, PP is the
preferred choice for the following reasons:

e Although both PP and HDPE are resistant to chemicals, PP is has a greater resistance
which is good for the bottle lid as it will come into contact with different chemicals
when the customer uses it.

e Both PP and HDPE are tough, rigid plastics however, some forms of PP are much
more stiffer than polyethylene. This is preferable for the bottle lid as it has to be hard
wearing and last a long time with the force acting on it.

Environmental Considerations

The extraction and production of the raw materials used in the bottle impact on the
environment in the following ways:

e Plastics are usually produced from fossil fuels, which are gradually becoming
depleted.

e The plastics production process involves energy consumption which is bad for the
environment as it uses more fossil fuels for produce the energy.

e During production, emissions are output affecting water, air and soil — heavy metals,
chlorofluorocarbons, hydrocarbons sulphur oxides and dust are typical.

e When producing plastics, CFCs and other harmful gases are produced, depleting the
ozone layer,

e Carcinogens, smog and acid rain are caused when producing the plastics. Carcinogens
cause cancer, smog is bad for the environment and acid rain destroys the environment
and buildings.

¢ Polymers derived from hydrocarbons required energy to extract and purify them.

However, most thermoplastics can be re melted and reshaped and PET is relatively easy
to recycle.

Manufacture

The bottle
The production process for the bottle is Blow Moulding.

The Process
-5
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FLARINE POATER

PLASTIC AMOLR
LEBERI

HEAT i
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1. The plastic is fed in granular 2. A large thread is turned by a motor which
form into a 'hopper' that stores it. feeds the granules through a heated section.
‘ﬁ,lﬂ_ FASNT MO

I‘:*m*_r
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3. In this heated section the granules - ) :
melt and become a liquid and the liquid 4. Air is forced into the mould which forces

st ade d incald: the plastic to the sides, giving the shape of
the bottle.

ot 5. The mould is then cooled and is

T
|
. Il removed.

The advantages of Blow moulding are:
It can produce hollow shapes with thin walls to reduce weight and material cost.
Almost all thermoplastics can be blow moulded.
Cycle times are low so production cost is low.

Many bottles can be made from the same single mould — continuous production as
millions of parts per year can be produced.

* Rejected bottles can be recycled and reused so no waste is produced — good for the
environment.

* As the plastic is pigmented, little finishing is required saving production time and
costs,
e (Can produce threads for the top of the bottle.

a & @ ®
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e Surface decorations and designs can be added to the mould to make the bottle
attractive to the customer.
e Machines are usually automated, so are cheap to run.
¢ Cost per bottle is cheap once the cost for the expensive mould has been recovered.

The disadvantages of Blow moulding are:
¢ (Capital equipment and set-up costs are high.
o Mould costs are high, so low volume manufacture of parts is uneconomic — most
parts produced exceed batches of 100,000 per year.
¢ Because of expensive moulds, development of the bottle design is not cost effective.

An alternative production process for producing the bottle could be Rotational moulding. A
plastic resin is put in a mould. The mould is heated and causes the plastic resin to melt. The
mould is then slowly rotated causing the plastic to flow into the mould and stick to its walls. In
order to maintain even thickness throughout the mould, it continues to rotate while cooling.

Powder Arm

Mould Plate

1. Mould charging

Heat
o Ve
e )
2
P
<El -
3. Cooling 3. De-moulding

2. Hedting

Blow moulding is used to produce the bottle instead of Rotational moulding because:
e Low pressure in the rotational mould means that it is hard to get the plastic in some
areas of the mould- it is sometimes not possible to make sharp threads like on blow

moulding bottles.
e In rotational moulding, unlike blow moulding, the actual mould itself has to be cooled

as well — production time is long and costs are therefore high.
* Although the start up cost for the mould in blow moulding is high, the cost per bottle
1s very low.
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* [tis a lot quicker to produce bottles by blow moulding than rotational moulding and
therefore is it much more appropriate for
my bottle.

The bottle top
The production process for the bottle top is
Injection Moulding.

The Process

1. Granules of plastic are poured or fed into a hopper which
stores it until needed

—y ———_u. B

I{ TR eyt 1‘;1ji

HHH‘;H#

2 F FOWDER

2. An induction heater heats op the injection tube and when
it reaches a preset temperature, a screw starts turning.

++++;Eﬁt+u =

3 PLASTIC POWDER
HEAT ' 3. A motor turns the screw which pushes the granules along
> -"'. - — the heated section which melts them into a liquid. The
- =APpbbbhbpipily liquid plastic is forced under pressure into a mould, where it
++**¢Ett**+ ' cools to Ehﬂ[}ﬁ.

=30
HHHH‘H

4. The mould opens and the unit is removed.

The advantages of injection moulding are:
e Almost all thermoplastics can be injection moulded.

e Complex geometry and fine features of the bottle lid are easily produced because very
high pressures are possible.

o Very thin walled parts are easily produced.

e Cycle times are very low — only a few seconds so it is time effective when producing
the bottle lids.

e Many parts can be made from a single mould — millions of bottle lids per year are
possible so it is cost effective.
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e Very little finishing is required beyond removal of runners.

 Reject components are recycled and reused — no waste.

e Injection moulding machines are usually automated, so are cheap to run — a single
operator can look after more than one machine.

e Costs per bottle lid are small once mould costs are recovered.

The disadvantages of Injection moulding are:
' Large undercuts cannot be formed e.g. bottle shapes.
Capital equipment and set-up costs are high.
Mould costs are high, so low volume manufacture of parts is uneconomic — most
parts produced exceed batches of 100,000 per year.
e Machinery requires skilled maintenance, which can be costly — down time means that
production halts.

An alternative production process for producing the bottle top could be Compression
moulding. A piece of plastic is placed into a mold. The plastic is heated and a hydraulic press
presses the pliable plastic against the mould, resulting in a perfectly moulded piece. After the
hydraulic press releases, an gjector pin in the bottom of the mold quickly ejects the finish
piece out of the mould and then the process is finished. Also depending on the type of plunger
used in the press there will or won't be excess material on the mould.

Feeten modtd tasdngpire
 The mould is opaned and the product remevad
T = =

Injection moulding is used to produce the bottle top instead of Compression moulding
because:
® Injection moulding is quicker and therefore more time effective because there is no
waiting around for the mould to cool down like there is in compression moulding.
* Injection moulding can produce intricate detailing and sharp threads for the bottle top.
Compression moulding is not able to produce this fine detailing.
e Although the start up cost for injection moudling may be high, once the initial start up
cost 1s reclaimed, the cost per bottle top is cheap.

Environmental Considerations

s




As Graphics Products - EDEXCEL 8GR01: Product Investigation — Portfolio of Creative Skiils
The processes involved in manufacturing the bottle can have detrimental effects on the
environment and these include:

L

® & =& @8

Using valuable non-renewable resources such as fossil fuels.

Contributing to global warming through emissions of greenhouse gases.

Packaging and transportation contribute to resource wastage and pollution.

Using ‘new’ materials instead of recycling and re-using.

During production, emissions are output affecting water, air and soil — heavy metals,
chlorofluorocarbons, hydrocarbons sulphur oxides and dust are typical.

CFCs and other harmful gases are produced, depleting the ozone layer.

Quality

During manufacture, the bottle will have been put through a range of quality control checks
to ensure that at each stage, component parts were manufactured to the highest standards
possible. These include:

Raw materials checked for quality and consistency — uniform colour and pellet size of
PET/FP.

Check machine for correct function and set-up — correct settings for material delivery,
heat levels and pressure.

Check mould for perfect internal finish, defects, debris — ensure it opens, closes,
aligns properly.

Check the bottle can withstand a force impacting on it — to replicate the force the user
may exert on the bottle over a period of time, non-destructive testing.

Check there are no leaks in the bottle — submerge the bottle in water and blow air into
it. If bubbles of air can be seen, it has leaks and will not hold the hand wash as it is
faulty.

Check the finished bottle and top, making sure that it screws together tightly.

Check the quality of moulding when produced visual check — computer check for
dimensional accuracy and shape.

Check bottle for required qualities of toughness, flexibility resilience.

Check lever assembly for function — leverage, ease of use, robustness.

Check assembled bottle for function as designed — if it dispenses a controlled amount
of hand wash.

Check stability of bottle when it stands up on its own.

Check the bottle holds the required volume of hand wash.

Quality control is part of a ‘quality assurance’ system which is designed to ensure that the
product leaving a factory is of the highest all round quality possible. A quality assurance
system could be designed as follows:

= 10} =

¢ Codes of practise- comply to commonly agreed principles of good practise, rules,
standards relating to specific manufacturing intustry.

e Customer requirements- understand current and future customer needs, strive to
meet and exceed customers expectations for the bottle.

e Focus groups- quantitive research where groups of people are asked about their
opinons towards the bottle.

e Regulations compliance — ISO, consumer association, trade association, health
and safety executive.

¢ Benchmarking- comparing the cost and quality of one company’s bottle against
my bottle.
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Standard Considerations

All manufacturing companies must comply to certain standards and regulations during the
management and manufactutre of their products. During the manufacture of the bottle, some
of the standards that would be in place are:

e International Organisation for Standardisation (ISO) — ensures compatibility, quality
and conformity
[SO 9000 — refers to quality management
ISO 14000 — sets standards on quality and the environment
ISO 294: 1996
[SO 1873: 2007 } Standards for plastic moulding and extrusion
ISO 15103: 2007

»

British Standards Institute (BSI) kitemark and the CE mark are important standards of
quality that manufacturing companies strive to be awarded. The CE mark confirms that
products meet EU directives.

Sl




