Core and In— depth Knowledge for GCSE WJEC Product Design

—_ s B i Mol Sl o

2.1.1 Core knowledge and undarstanding

This section Is deslgned to develop leamers’ knowiedge and understanding In dasign and
technology and its impact on dally Ife. Leamers should develon 3 broad understanding of
matenals, sysiems and processes.

1 Knowledoe and understanding

Leamers need a breadth of iechnical knowiedge and undersianding In order to make efaciive
choices In relation to the selection of materals, components and systems. They should
consider emeanging technologlas, environmental Issues and Impacts on soclety. They should
consider the needs of future generations as well as thelr own, and 1aks a broad view of the
Impact of design and technology aciiviiies.

The deskgn and manufacture of products depends upon material iechnokgy and the
development and Implementation of materals In products. Leamers nead to be aware of
developments In materals technology and how these Impact on the design and use of

producis.
iCantent Ampirication
{a) The Impact of new
and emerging » The Impact of new and emerging technoiogies on Industry and
lechnologles on: eniefprise:
= Industry = market pull;
= anterpriss » 1EChnokgy push;
+ sustanablity #  COnsumer cholce.
= people = The Product Lte Cwcle. Inbmducton — researchiing, deyveioping
. Ut and then bringing 3 product to market, Growth — when sakes
« sockety are lncreasing; Maturity — salkes are near thelr highest paint;
= the envisonment Decline — sales begin 1o Tall.
»  proguction « Ghobal production and Rs eMects on culture and people.
iechniques = Leglsiation to which prodwcts are subject. BS1 (British Standardss
» systems Insifute) and ISC (Intemational Standargs Organisation). Thedr

general mles/purpose, IS0 numbers, the BS1 kite mark and why
ak cONsUmEers these are Important when purchasing products.

« Consumer ights and protection for consumers when purchasing
and using producis. The basics of conswmer righis, retum
policies, and the Trade Descrption Act

=+ Moral and ethical factors related o manufaciuring producis and
the sale and use of products. Consldening the needs of others In
less develaped countries and Issues related to child abour, Talr
wage for a falr day's work, companies expioting
underdgeveloped countries for profm.

+ Sustainablity. Meeting today's needs without compromising the
nesds of future generations. |. . souncing of materials, using
sUsiainable resources, wasie matenals and CFCs.

+ CADICAM the advantages and disadvantages of using
compuier alded design (CAD) and computer alded manufactune
[CAM).

L= SR =
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Conient

Ampification

[b) How the crbcal
evaluation of new and
emenging technoiogles

The Impartance of sustainablify isswes and environmental ISsUes
when designing and making producis. e.g. with reference to rapidly
updated products such as maoblie phonas.

Informs deEign « Social, cultural, economic and environmental responsioiities in
TECIENE, OnEdening designing and making products.

contemporary and « Lifa Cycle Analysis to detarmine the environmental Impact of
podential future ringing new products to market. e, cradie o grave.
:ﬁ;ﬁipéﬁgewues » Understand deslgn obsolescence. L. . the advantages and
o ar poEREE e | isadvantages to the designermanutacturer.

s + The carhon fatorint when designing and making.

] How energy Is = Types of renewable and non-renawabke 2nergy SOUrces
generated and siored Inciuding: wind, solar, geathermal, hydroelecinc, wood/blomass,
In @rder to chiooss and wawe, coal, gas, nuckear and oll.

LEE appropriate + Issues surrounding the use of fassll fuels Incuding caal, oll and
sourcas fo make gas.

products « The advaniages and disadvantages of renawable enargy

SDUMCES.

« The use of renewable energy s0Urces In modem manufacturing
produciion systems Including the use of solar panels and wind
turnines in manufaciuring sies.

+ Renewaldle energy sources Tor products Including wind-up and
photovoitaic cels.

« Energy generation and storage In a range of contexts Inciuding
mator vehicles (e.g. petroddiesel, electrichy) and househokd
products (e.g. battery, solar, mains elecinchy).

[d) Developments In
modam and emart
materals

* SMA - shaps memaory alloys.

« Polymorph.
» Smart fibres, Tabrcs and plastics that respond to the envinonmsnt
or stimul -
» phatochromic
+ thermochromic
+ micro-encapsulation
= blomsamcs.

[8] The ecolcgical and
social Tootprint of
materals and
components

= Changing soclety's view on waste and the ecological Tootprint
The Six Rs of sustainabilty: rethink, reusa, recycle, repalr, reduce
and refuse.

« Liing In a greener world.

» Falr-irate polces.

[T] Investgae and
analyse the waork of
past and present
profassionals and
companies In the area
of design and
technoiogy In order to

help Inform thelr own
ld=as.

+ Investigate and analyss Me work of past and present gesigners
and companies, Including:

enginesring design | fashion and textiies | product design

Compary | Appis Laura Ashiey Alrous

Designers | James Dyson siela McCamney | James Diyson
Shigen Myamolo | Orla Klely Bethan Gray
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Product dasign

Carnbernt

Ampification

|a) Papers and boards

The aesthetic and functional properties of COMMON papers,
cards and boards Inciuding cariridge paper, pholocopy paper,
bleed proof paper, mounting board, foam board, solid white
board, comugated board and duplex boand.

Papers and boards require finlshes, Mese fnishes ars usad o
protect and Improve aesthatic appeal.

{b) natural and
marnufaciured timiber;

The aesthellc ard funciional F'I'ﬂFIE'I'ﬂEE- of hardwoods and
softwoods Including besch, oak, balsa, jelutong, scots pine,
wasiem red cedar and [pErana FIHE.

Natural tmber Is protected using different finlshes and these
finishes are somelimeas wsad tDlFI'IFII'EII.'E- a=smeatic -HFIPEEL
WManufactured mbers can e P'I'DtEI]IEI] us-hg finishes and
thiesa finkshes are somatimeas wsad o |FI1|:II'D'|'E the aesthetic

app=al.

|=) Fermous and non-
fermmous metaks

The aesthellc and funciional properiies of Terrous metals
Inciuding, mild si2el, medium carbon steel and hkgh carton
sheel.

The aesthellc and funciional propertes of non-fermous metals
Inciuding auminium, copper and brass.

Femoes metals may requine 3 protestve finlsh and the finish s
somelimes usad o improve the aesthetlc apps=al.

Han-fermous metals may reguire a proteciiee finksh and the
finksh ks sometimes wsed 1o Improve the aesthetic appeal.

(d) Thermoforming
and thermosetting
polymers

The aesthetic and functional properties of themaforming and
thermosetting polymers Incleding acrylc, polythene,
polypropylene, polycaroonate, styrofoam, expanded
polystyrene, acrylonitrle butadiene styrene (ABS), polyvinyl
chioride (PVC), nylon, wea formaldehyde, malamine, carbon
flore, Keviar, Styrofoam, modelling foam board and epoxy
resins.

Themmoforming plasiics have a natural nish.
Themmoforming and thermosetting may require a protective
finish and the finish s sometimes used o Impnove the
a=zthetc aopeal

[2) Modem and smart
makerals

Quantum Tunnelling Composie (QTC) - when used In cincults
the reslstance changes under COmMprassion.

Polymorph

Thermochromic polymers of dyes

Photpchromic polymers

Hitinal
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Content

Ampification

[T The sources,

origins, physical and
working properties of
matenals,

components and
syst=ms

Metals
# Classification as femous melals, non-farrous metals and E|ﬂ:|ﬁ5.
= Metals are sowncad fTrom ores and ane 3 naliral resounce.

Alloys of metals are a base metal mioed with other metals or

non-metals to change thelr properties or appearance.

« Heat treatmen? of matals |ﬂl:1IJ[|I'|g: HI'IHEE'I'IQ. I1'IZII'I"I1-H||E-|I'I-g.
hardening, temperng and casa haraning.
Famius Madls

» Physical properties of metais inciuding: meting point, hemal
and electrical conductivity.

» Mechanical properties of metals Including: tenslie strength,
toughness, ductilty, plasticity, elasticity, maleability and
hardnass.

Maorn-Femous Melals

+ Physical properties of metals iIncluding: meiting point, themal
and elecirical conductivity.

» Mechanical properties of metals Inciuding: tenslie strength,
toughness, plasticity, malleablity and harness.

Natural and Manufaciwred imber
» The diffansnce bebwasn a hardwood and softwood.
» Hamwoods and softwoods are natural resouncas and ane
sourced Trom trees.
* The difference between natural wood and man-made boards.
= The physical and working properties of handwooos,
softwoods and man-made boards: towghness, flexiblity,
grain structure, strength, absortency, sufaca finksh and
colowr.
«  Manufactured timbess are mage from natural tmbers and
made from pariciesTlores or laminates.
= Sirengthsfweaknesses of the following manwaciured Doards:
plywood, medium density ibreboand (MDF), chipboard and
hardboard.
= Mabural imber 1= avallable In the follvaing formis: plank,
board, strip, square, and dowel.

Thermafoming and Thermoseting Polymers
» The differences between a themoforming (hermoplastic) and
thermaoseting materal.
« Oll s the main source for modem polymers, fough
Increasingly some plastics are made from natural sources.
« Physlcal properties of thermafomming (memoplastic) and
tharmosetting piastics Including: thesmal conduciivity and
elecirical conductvityinsuation.

« Mechanical properiies of iermoforming (thermoplastic)
and thermosetting plastics Including: tenslie strength,

alasticity, joughness, plasticly, malleabliity and hardness.
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Amglfication

Papers and boards

The baslc sources of paper and boards.

Recycled boarnds.

The us2 of microns 10 measure thickness of paper and boands.
That paper and board ks often measuwred In gsm [grams per
sgQuare meira).

The physical and working properties of paper and boand
Including: texture, welght, thickness, strength, surface finish,
transparency, folding ablity and absorbancy.

Papers, cands and boards can be laminated to Improve
strength, finish and appearanca.

[g] The way in which
the selection of
materals or
componants ks
Influencad by a range
of factors such as
funciional, aesthatic,
anvironmental,
avallabliity, cost,
soclal, culiural and
athical

Aesmetic and funclional propedties of the Tollowing:
aluminlum, copper, biass, pawter, mid stesd, natual and
manufaciurad Gmoers, common paper, card and cardooands
Responsiilities of designers and manufactursrs with respect to:
+ ihe envimonment
* WOIKing conditions In Mird word counines, Iow |aDour costs
and poverty;
exploitation of empioyees;
recyclability and waste;
odiversiy and deforestation;
= new polymers that are being developed often for speciic
pUposEs Including: Hodegradabiilty and compostabilty;
« estimating the true costs of a prooiype or product;
+ aesthetic and functional properties of cards and boards.

[N] Stock forms, Types
and slzes In order o
calculate and
determine the
quanifty of materals
ar l{33:]r'I1FI'II!lI'I'lEI'I'|E
required

HMatural timber |5 avallable In different sactional forms, vanows
standard sizes and ¢an have a diferent finksh (s3awn or
planed).

Manufactured boards are commonly avallabée In sheat form
and In standard sizes and vanous thicknesses

Plastic polymers are avallable In 3 wide r@nge of forms
Including: powders, granules, peliets, Iquikds, Tims, shests and
extruded shapss.

Standard slzes of papers and boargs. Le. nolls, A3, AL, A3 and
measurad In grams per square metre.

Cardoand s avallable In diferent forms with different cores.
Calzulate the costs Involved In the gesign of producis

Including, fixtures, dings, Nnishes required and the materal
cosl.
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Content

Amgpification

[ Alternative
ProseEses that can e
usad o manulfaciane
progucts to diferent
scales of production

Manufacturing systems, Including one of, baich and high
volume production.

Manufacturing systems, the advantages and disadvantages of
producing single, one off products.

The advantages and disadvaniages of producing producss In
limited guantity {batch production).

Jigs and devices to control repeat activities.

The advantages and disadvaniages of high volume,
continuows production.

The Importance of CAM In modem high volume production.

A range of products sutasie for high volume, continuous
production.

The principles of producing plastic products and components
using the following processes:

Injection moulding, vacuwm forming, press moulding and
comprassion mouiding.

On-press and the finishing processes used by commercial
printers 1o progucs products In batches or massAigh volume.
Techniques used to produce books, magazines, keaflets, fiyers,
packages and other printed products.

1) Specialist
techniques and
processes that can be
usad to shape,
fabricate, consnuct
and assembie a high

quallty pratotype

Wastageraddition

« Cufting materials to the required shape or contour.

» Tools and equipment to mark out, hold, cut, shape, drill and
fiomn matarials.

» The pliar dril iz drll hioles (o various diamsters.

+ Jigs and formess to ensure accuracy as part of the process
of driling.

« Pliot, clearance, tapping, countersunk and counter bored
hokes.

« Marking out materials using a range of workshog 1Dois.

Daforming/Reforming

« Metal joining can be permanent or iemporany, by welding,
soldering and the use of nuts, bolts, washers, SCIews,
rvets, hinges, calcheas.

Lathe to um maltedals.

Milling machine to create a slot or face edge.

The main stages In the following [oining processes:

Pemanent: fveting, brazing and us2 of 8poxy resins.

CAM machines Including 36615

Wood joining can be permanent or temporary.

« The prncipies of producing wood producis using the
following processes: |ointing, veneeanng, laminating and
sieam bending.

« Frame: mitre, dowel, moriise and tenon, halving and bridle

|oint.

Bowicarcass: bult, lap, housing, dovetall and comb joint.
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Amgplfication

» Adheslves: Poiyvinyl acetate [PVA) (wood 1o wood),
contact adhesive and epoxy resin (wood 1o other materals).

« Tempomary. screw [countersunk and round head) and knock
down fitings.

+ Plastics joining can be permanent or temporary, by plastc
welding and the use of nuts, boits, washers, SCrEWs, Mvets,
hinges, catches.

« Injection moulding, vacuwm forming, press moulding, bending
plastics, 30 prnting.

« Scome and fold paper and cand.

« Embossing, debossing, cropping, foiding and tinding
methods.

[K) Aporopriaie
swface treatmenis
and finishes that can
be apolied for
fimctional and

3esthetic purposes

Metal surface treatments and finishing processes: plastic
coating, enamediing, oll inkshing and Dlack stesl, paint and
primer.

Swface tregimenis of natural imb2r and manwaciuned:

gealants and primers. Finkshes for aesthetic or funcbional
reasons: vamish, wood stains, olls, polishes and presenvative

paints.
Sef-finishing nature of many thermoseting and Mermoforming
plastics. Textured finishes of plastics.




