
1AQA A Level Design and Technology: Product Design

Technical principles

1 Materials and their 
applications
1	 Mechanical	properties	are	associated	with	how	a	

material	reacts	to	an	external	force.
2	 Physical	properties	are	associated	with	the	actual	

make-up	or	structure	of	the	material.
3	 Compressive	strength	is	the	ability	to	withstand	

being	crushed	or	shortened	by	pushing	forces	
(compression).	Tensile	strength	is	the	ability	
to	resist	stretching	or	pulling	forces	(tension).	
Torsional	strength	is	the	ability	to	withstand	
twisting	forces	from	applied	torque	or	torsion.

4	 Toughness:	this	is	required	so	the	bottle	doesn’t	
break	if	it	is	accidently	dropped,	e.g.	when	
running.	Transparent:	this	allows	the	user	to	see	
how	much	water	is	left	in	the	bottle.	Corrosion/
degradation	resistance:	the	polymer	will	not	
decay	in	the	presence	of	the	water	it	is	holding.

5	 A	workshop	drill	bit	needs	to	be	hard	so	it	can	
drill	effectively	through	other	materials	without	
breaking.

2 Classification of materials
1	 Softwood.
2	 Ferrous,	non-ferrous,	alloy.
3	 Silicone	is	an	elastomer	polymer.
4	 A	compliant	material	is	one	that	can	be	scored,	

folded	and	cut	with	basic	tooling	to	form	items	
such	as	nets	for	packaging.	It	is	used	to	describe	
papers	and	boards.

5	 A	smart	material	is	a	material	whose	physical	
properties	change	in	response	to	an	input	or	
change	in	the	environment,	such	as	electricity,	
pressure,	temperature	or	light.	Thermochromic	
pigment	and	photochromic	pigment	are	two	
examples	of	smart	materials.

3 Methods for investigating and 
testing materials
1	 Simple	workshop	tests	use	basic	tools	and	

equipment	that	can	be	found	in	workshops,	

such	as	a	hammer	and	a	centre	punch.	Material	
samples	are	measured	with	workshop	tools	to	
make	sure	they	are	the	same	size.	Industrial	
tests	are	usually	carried	out	in	a	lab	with	specific	
testing	machinery,	using	standardised	test	pieces	
of	materials.

2	 Rockwell	test,	Brinell	test,	Vickers	pyramid	test.
3	 a	 Collect	the	material	samples	in	squares	of	the	

same	size	and	thickness.
b	 Place	the	material	sample	on	a	firm	flat	

surface.
c	 Using	one	hand	to	hold	the	dot	punch,	place	the	

dot	punch	on	the	surface	of	the	material.
d	 Using	an	even	force,	strike	the	dot	punch	once	

with	a	hammer.
e	 Repeat	this	process	for	all	samples.
f	 Inspect	the	indent	made	on	each	material	

sample	(measure	with	a	ruler	if	necessary).	
The	smaller	the	indent,	the	harder	the	
material.

As	can	be	seen	in	the	diagram	below,	mild	steel	(low	
carbon	steel)	is	the	hardest	material,	while	lead	
has	the	largest	indent	and	is	the	least	hard	of	the	
material	samples.

Hammer

Dot punch

Indent produced by dot punch

Sample
material

Lead Copper Low carbon
steel

Workshop test for hardness
4	 The	material	that	absorbs	the	most	impact	is	the	

toughest	and	gives	the	least	pendulum	swing.	
Brittle	materials	absorb	less	energy	and	so	the	
pendulum	swings	further.

5	 X-ray	testing	and	ultrasound	testing.

Now test yourself answers
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4 Performance characteristics 
of paper and boards
1	 For	sketching	initial	ideas	and	drawing	an	

orthographic	technical	drawing	using	an		
ink	pen.

2	 Bleed-proof	paper	should	be	used	so	that	the	
spirit	in	the	marker	does	not	bleed	into	unwanted	
areas	of	the	drawing.	

3	 The	stock	form	is	sheet	size	A0–A8.	A0	is	the	
largest	size	and	A8	the	smallest.	Going	down	the	
sizes,	each	one	is	half	of	the	previous	size,	e.g.	A5	
is	half	the	size	of	A4.	

4	 	 Moulded	paper	pulp	can	be	moulded	when	
wet	round	a	mould	of	the	games	console,	
allowing	the	console	to	fit	snugly	in	the	box	
and	not	move	about	when	being	transported	or	
delivered.

	 A	games	console	has	many	curves	and	
sticking-out	control	buttons,	and	the	moulded	
paper	pulp	fits	these	easily,	thus	avoiding	
damaged.

	 Moulded	paper	pulp	can	also	easily	be	recycled	
after	use,	which	is	important	for	a	single-use,	
throwaway	product.

5	 	 Corrugated	card	is	a	compliant	material,	which	
means	it	can	be	easily	be	cut	and	folded	into	
the	net	shape	for	the	box	with	a	machine	such	
as	a	die	cutter.

	 The	wavy	corrugations	trap	air	and	act	as	heat	
insulators,	which	keeps	the	pizza	warm	when	
being	taken	home	or	delivered.

	 Corrugated	card	is	a	food-safe	material,	which	
means	it	will	not	contaminate	the	contents.	
This	is	important	as	a	person	will	consume	the	
pizza	from	the	box.

5 Performance characteristics 
of polymer-based sheet and film
1	 3	mm,	5	mm,	10	mm,	20	mm.
2	 Polylactide	naturally	biodegrades	so	will	

not	contribute	to	landfill	issues.	LDPE	takes	
hundreds	of	years	to	degrade.	

3	 LDPE	is	a	thermoplastic	and	can	be	recycled,	
thus	preserving	the	raw	polymer	material.	
Polylactide	naturally	biodegrades	and	cannot	be	
recycled,	therefore	more	raw	material	is	required	
for	new	products.

4	 	 Styrofoam	is	available	in	a	range	of	sheet	
thicknesses	and	can	be	glued	with	PVA	glue	to	
form	a	solid	block	the	right	size	for	the	games	
console.

	 Styrofoam	is	easy	to	cut	and	shape	with	
standard	hand	tools,	so	intricate	areas	such	as	
control	button	cut-outs	could	be	made.

	 Styrofoam	is	also	lightweight,	which	is	
important	when	manufacturing	the	model	and	
potentially	transporting	it	easily	to	a	client	
presentation.

5	 	 Polypropylene	sheet	is	suitable	for	a	ring	
binder	as	it	is	extremely	tough,	which	means	it	
will	withstand	sudden	impacts	such	as	falling	
off	a	desk.

	 It	can	be	scored	easily	with	a	craft	knife	to	
create	the	plastic	hinge.

	 PP	is	highly	resistant	to	fatigue	wear,	which	
means	the	plastic	hinge	can	be	folded	open		
and	closed	many	times	without	splitting	or	
failure.

6 Performance characteristics 
of woods
1	 Air-seasoned	wood	is	most	suitable	as	the	wood	

is	seasoned	outdoors	with	air	circulating.	It	
makes	the	final	moisture	content	match	that	of	
the	outdoors.

2	 Rough	sawn,	planed	square	edge	(PSE)	and	
planed	all	round	(PAR).	Rough	sawn	is	the	
cheapest	to	buy	as	it	has	been	through	the	least	
amount	of	processing.	More	processing	means	
the	wood	becomes	more	expensive.

3	 	 Unlike	solid	wood,	manufactured	boards	are	
man-made	and	produced	in	large	sheets	of	
uniform	thickness	and	quality.

	 Uniform	strength	across	the	board,	no	grain	
problems.

	 Generally	less	expensive	than	solid	wood	of	
a	similar	size	but	can	look	the	same	with	the	
addition	of	wood	veneer.	

4	 Twisting,	warping,	cracks,	cupping	or	bowing.
5	 	 Ash	is	tough	so	will	withstand	the	impact	of	the	

baseball	when	hitting.
	 It	is	an	open-grained	wood,	which	makes	it	

more	flexible	when	striking	the	ball,	even	on	a	
mis-hit.

7 Performance characteristics 
of metals
1	 Aluminium	has	a	low	melting	point	of	660˚C,	

making	it	easy	to	recycle	due	to	the	low	heat	and	
energy	requirements	to	melt	and	reuse	it.

2	 Decorative	bollards.	
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3	 	 HSS	has	a	high	level	of	resistance	to	frictional	
heat,	meaning	it	will	not	become	too	hot	to	
function	when	drilling	into	other	materials.

	 HSS	is	hard,	so	it	will	resist	scratching	when	it	
is	spinning	and	drilling	into	other	materials.

	 HSS	is	tough,	so	if	it	is	accidentally	dropped	on	
a	workshop	floor	it	is	unlikely	to	shatter.

4	 Bronze	is	90	per	cent	copper,	10	per	cent	tin.
5	 	 Gold	is	malleable,	which	means	it	can	easily	

be	hammered	and	formed	into	a	circular	ring	
shape.

	 Gold	is	ductile,	which	means	it	can	be	drawn	
out	into	thinner	cross-sections	to	make	
decorative	aspects	on	the	ring.

	 Gold	is	corrosion	resistant,	which	means	the	
wearer	can	wash	their	hands	in	water	and	
detergent	without	the	ring	degrading.

8 Performance characteristics 
of polymers
1	 An	elastomer	is	material	that,	at	room	

temperature,	can	be	deformed	under	pressure	
and	then,	upon	release	of	the	pressure,	will	
return	to	its	original	shape.	

2	 Neoprene	is	an	elastomer	and	is	used	in	wetsuits.
3	 	 MF	is	hard,	which	means	it	will	not	scratch	and	

lose	aesthetic	appeal	if	foods	are	cut	directly	
on	the	worktop.

	 MF	is	a	thermoset	and	therefore	heat	resistant,	
so	if	a	hot	pan	were	placed	on	the	surface,	the	
surface	would	not	be	damaged.

	 MF	is	chemical	resistant,	so	the	worktop	can	
be	cleaned	with	detergents	without	damage	to	
the	worktop	surface.

4	 High-density	polyethylene	(HDPE).
5	 	 HDPE	is	tough,	so	will	withstand	minor	drops,	

e.g.	when	putting	the	cage	away.
	 HDPE	is	self-finishing	and	can	be	pigmented	

to	give	colour.	This	is	important	so	the	animal	
cannot	scratch	off	any	finish	and	harm	itself	by	
eating	it.

	 HDPE	has	good	chemical	resistance,	which	
means	it	will	not	be	degraded	by	animal	urine	
or	by	detergents	used	to	clean	the	cage.

9 Biodegradable polymers
1	 A	natural	bio-polymer	is	made	from	natural	

materials	such	as	cellulose,	starch	and	
polysaccharides,	and	can	be	designed	to	degrade	
in	as	little	time	as	a	few	months	to	a	couple	of	
years.

2	 A	biodegradable	polymer	can	be	made	from	
finite	resources	such	as	crude	oil	and	contains	
additives	that	cause	it	to	degrade	more	quickly	
than	traditional	polymers.

3	 A	photodegradable	polymer	breaks	down	with	
exposure	to	ultraviolet	(UV)	light,	such	as	UV	rays	
from	sunlight.

4	 A	hydro-degradable	polymer	quickly	breaks	
down	with	exposure	to	water	and	is	subsequently	
degraded	by	the	action	of	micro-organisms.	One	
product	commonly	made	from	hydro-degradable	
polymer	is	detergent	sachets	for	washing	clothes.

5	 Advantages:	oxy-degradable	polymers	break	
down	with	exposure	to	oxygen	and	have	only	
a	short	shelf	life;	this	is	good	because,	if	they	
end	up	in	landfill,	they	will	quickly	degrade	into	
the	earth.	Disadvantages:	many	consumers	
store	carrier	bags	for	reuse	and,	if	made	from	
oxy-degradable	polymer,	the	bag	may	degrade	
into	a	fine	powder	before	it	can	be	used	again;	
this	not	only	wastes	the	virgin	polymer	and	
potentially	non-renewable	resource	(crude	oil)	
used	to	manufacture	the	bag,	but	also	does	
not	encourage	the	consumer	to	store	bags	for	
reuse	purposes;	oxy-degradable	bags	may	also	
encourage	a	throwaway	culture	as	consumers	
may	think	it	is	acceptable	to	throw	the	bag	away	
as	it	will	degrade	anyway.

10 Composites
1	 A	composite	is	a	material	comprised	of	two	or	

more	different	materials,	resulting	in	a	material	
with	enhanced	properties.

2	 Aluminium	composite	board	consists	of	
aluminium	sheets	with	a	polyethylene	core.

3	 A	product	made	from	aluminium	composite	board	
is	soundproofing	panels	used	in	car	manufacture	
to	dampen	road	noise.

4	 Reinforced	concrete	is	made	from	cement	
powder,	sand,	aggregate	particles	and	low	carbon	
steel	rods	(rebar)	mixed	with	water.

5	 GRP	is	suitable	because	it:
	 is	lightweight,	which	means	a	large	pond	liner	

can	easily	be	lifted	into	place	without	the	need	
for	heavy	machinery

	 is	corrosion	resistant,	which	means	the	pond	
liner	will	not	be	affected	by	any	algae	or	
chemicals	used	in	the	pond	water

	 is	a	hard	material,	which	means	any	stones	placed	
into	the	pond	will	not	damage	the	liner	surface

	 has	a	low	thermal	expansion,	which	means	it	
will	not	deform	with	changes	in	temperature,	
e.g.	hot	in	summer	and	frost	or	cold	in	winter.
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11 Smart materials
1	 A	material	whose	physical	properties	change	

in	response	to	an	input	or	change	in	the	
environment,	such	as	electricity,	pressure,	
temperature	or	light.

2	 	 Thermochromic	pigment	changes	colour	in	
response	to	temperature	change.

	 If	thermochromic	pigment	is	used	in	a	
temperature	strip,	the	strip	can	be	placed	on	
the	person’s	forehead.

	 The	colour	of	the	strip	will	change	in	response	
to	heat,	giving	a	temperature	reading	on	a	
colour	scale,	e.g.	if	someone	is	too	cold,	the	
temperature	strip	will	show	blue.

3	 Welding	goggles.
4	 Phosphorescent	pigment	absorbs	light	energy	

during	the	day	and	‘re-emits’	it	when	it	is	dark.	
Fire	escape	signage	uses	phosphorescent	
pigment.	

5	 	 The	bath	duck	uses	thermochromic	
pigment	that	changes	colour	in	response	to	
temperature	change.

	 At	a	suitable	temperature	the	duck	is	blue.	If	
the	bath	water	is	too	hot	the	duck	will	change	
colour	to	pink.	This	would	indicate	that	the	
bath	water	is	too	hot	for	the	baby	and	the	baby	
should	not	be	placed	in	the	bath.

	 The	use	of	the	duck	also	saves	the	parent	from	
testing	the	water	temperature	with	their	hand.	
If	the	water	is	too	hot,	the	person	may	get	a	
burn.

	 A	baby’s	skin	is	very	soft	and	will	not	be	able	
to	withstand	as	much	heat	as	an	adult’s.	The	
duck	is	safer	because	the	adult	may	think	
the	temperature	is	fine	on	their	hand	but	the	
water	may	be	too	hot	and	burn	the	baby’s	
skin.

12 Modern materials
1	 A	modern	material	is	a	material	that	is	developed	

through	the	invention	of	new	or	improved	
processes.

2	 3D	block	models	are	made	using	high-density	
modelling	foam.

3	 Jewellery	such	as	rings.
4	 Kevlar	is	made	up	of	aramid	fibres,	which	are	

interwoven.	This	makes	Kevlar	very	cut	resistant,	
thus	protecting	the	hand	of	the	butcher	from	any	
accidental	cut.

5	 	 Polymorph	granules	can	be	heated	in	water	or	
with	a	hairdryer	as	they	become	mouldable	at	
about	60°C.

	 Once	in	the	mouldable	state,	the	user	can	
grip	the	polymorph	to	give	an	individual	hand	
imprint	and	finger	spacing.

	 As	polymorph	solidifies	at	room	temperature,	
the	model	is	completed	quickly	and	can	easily	
be	heated	up	and	moulded	again	to	get	the	
correct	fit	for	the	user.

13 Enhancement of materials
1	 An	antistatic	polymer	additive	reduces	the	

likelihood	of	the	polymer	building	up	a	static	
charge.

2	 An	electrical	plug	would	have	an	antistatic	
additive	added	during	the	manufacture		
process.

3	 Preservatives	help	protect	wood	from	fungal	and	
insect	attack.	Preservatives	with	pigments	added	
can	give	different	colours	to	enhance	aesthetics,	
e.g.	for	a	garden	fence.

4	 	 When	a	metal	is	‘cold	worked’	the	crystals	
within	the	metal	are	distorted	and	changed,	
leading	to	improved	tensile	strength	and	
hardness	in	the	worked	area.

	 However,	this	process	can	result	in	less		
ductility,	and	cracking	or	damage	in	the	worked	
area.

	 Annealing	is	used	to	make	the	work-hardened	
metal	easier	to	work	by	making	it	less	brittle	
and	more	ductile.

	 For	the	annealing	process,	the	metal	is	heated	
and	then	cooled	very	slowly,	which	allows	the	
metal	crystals	to	grow	and	slowly	move	into	
place.

5	 Medium	and	high	carbon	steels.

14 Paper and board forming 
processes
1	 A	net	is	a	flat	shape,	e.g.	a	sheet	of	card,	which	

can	be	folded	up	to	form	a	3D	shape.
2	 A	creasing	rule	is	a	blunt	cutting	blade	that	goes	

into	the	surface	of	the	paper	or	card	to	create	a	
crease	for	folding	edges.

3	 	 Laser	cutting	for	packaging	is	faster	and	gives	
greater	repeated	accuracy	than	traditional	
methods.

	 It	provides	a	high	level	of	detail.
	 Prototype	designs	can	be	edited	quickly	and	

then	cut	out	for	testing	and/or	manufacture.
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15 Polymer processes
1	 Thermoforming	has	an	additional	mould	that	is	

pressed	on	to	the	surface	of	the	polymer	sheet	at	
the	same	time	as	the	vacuum	is	applied.	Vacuum	
forming	has	only	one	mould,	which	the	sheet	
is	vacuumed	over.	The	additional	pressure	in	
thermoforming	gives	much	finer	detail,	making	it	
most	suitable	for	lettering	and	logos.

2	 Granules.
3	 Compression	moulding:

	 A	‘slug’	of	pre-weighed	thermoset	polymer	is	
inserted	into	pre-heated	moulds.

	 The	moulds	are	closed	and	hydraulic	pressure	
is	applied.	The	pressure	ensures	that	the	
polymer	takes	the	shape	of	the	mould.

	 The	moulds	remain	closed	while	cross-linking	
takes	place	and	the	thermoset	‘cures’.

	 When	the	moulding	has	cured,	the	machine	
opens	and	the	product	is	removed	while	still	
warm.

	 Excess	polymer	known	as	‘flash’	is	removed.

Compression moulding
4	 Blow	moulding.
5	 	 Injection	moulding	allows	complex	3D	shapes	

to	be	formed.	This	allows	integral	fittings	
such	as	the	slot	fit	for	the	top	and	base	of	the	
calculator	case	to	slot	accurately	together.

	 Injection	moulding	also	enables	features	such	
as	snap	fittings	and	battery	compartment	
slide	fits	to	be	produced	within	the	moulding	
process.

	 With	the	use	of	moulds,	injection	moulding	is	a	
fast,	highly	repeatable	and	accurate	process,	
meaning	the	demand	for	calculator	cases	can	
be	met	and	each	one	will	be	the	same.

	 Calculator	cases	are	often	coloured	to	show	
brand	names	or	features,	and	injection	
moulding	achieves	a	self-finishing	coloured	
product	by	using	pigmented	granules.

16 Metal processes
1	 Press	forming,	spinning,	rolling.
2	 Spinning.
3	 Redistribution	is	the	process	where	the	material	

is	changed	from	one	form	to	another,	e.g.	liquid	
metal	poured	into	a	mould	to	take	a	solid	shape.

4	 MIG	welding.
5	 Wastage	is	a	process	that	cuts	away	material	to	

leave	the	desired	shape.

17 Wood processes
1	 Benefits	of	KD	fittings:

	 Products	are	not	assembled,	which	reduces	
manufacturing	time	and	consequently	reduces	
costs.

	 KD	fittings	come	ready	made	from	another	
manufacturer,	so	this	means	one	fewer	item	
needs	to	be	checked	or	manufactured.

	 They	can	be	supplied	in	a	box	with	the	product	
parts,	which	means	there	is	no	cost	to	the	
manufacturer	for	employing	skilled	labour.

	 The	use	of	KD	fittings	means	items	can	be	flat	
packed	and	take	up	less	storage	space	in	a	
warehouse	or	space	in	a	truck	for	delivery.

	 KD	fittings	and	flat	packing	offer	cost	savings	–	
a	large	warehouse	is	not	required,	which	saves	
on	rental	or	purchase	costs,	and	more	items	
can	be	transported	in	one	truck,	meaning	
fewer	trips	and	reduced	fuel	costs.

2	 It	would	be	stronger	due	to	the	increased	gluing	
area	as	there	are	many	different	surfaces	on	a	
mortise	and	tenon	joint.

3	 	A	mitre	joint.
4	 Turning,	routing	and	milling.
5	 A	consumer	may	choose	a	flat-pack	item	

because:
	 The	product	is	not	assembled,	which	means	

the	retail	cost	is	less	than	that	for	a	ready	
assembled	product.

	 Flat-pack	products	are	usually	held	in	store,	
which	means	the	consumer	does	not	have	to	
order	and	wait	for	the	product.

	 As	the	product	is	not	assembled	it	will	usually	
fit	into	the	back	of	a	car,	meaning	no	delivery	
costs.

	 The	small	pack	is	also	easy	to	get	through	
doors	or	upstairs	in	a	home.

	 The	KD	fittings	supplied	are	usually	easy	to	
use	and	tools	are	supplied	with	the	product.	
This	means	no	expensive	tooling	costs	for	the	
consumer	and	a	sense	of	satisfaction	that	they	
have	‘built’	a	product.
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18 Adhesives and fixings
1	 A	fixture	is	something	that	holds	work	in	a	given	

position	while	a	manufacturing	process	takes	
place.

2	 A	jig	holds	the	work	and	guides	a	tool,	eliminating	
the	need	to	repeatedly	mark	out.	A	jig	can	be	used	
for	many	processes	such	as	drilling,	cutting	or	
sanding.

3	 By	using	jigs	and	fixtures	the	manufacturer	does	
not	have	to	repeatedly	measure	and	mark	out	
when	making	a	batch	of	products.	This	means	
that	the	likelihood	of	error	is	reduced,	and	parts	
can	be	made	quickly	and	repeated	accurately.

4	 Contact	adhesive.
5	 Advantage:	any	excess	adhesive	can	be	wiped	

away	with	a	cloth	prior	to	being	exposed	to	
UV	light,	thus	giving	a	solid	and	clean	joint.	
Disadvantage:	a	UV	light	source	has	to	be	
purchased	in	order	to	use	the	adhesive,	which	
may	be	cost-prohibitive	for	one-off	use.

19 The use of finishes
1	 Substrate	is	the	material	on	to	which	the	print	ink	

is	applied	in	a	printing	process.
2	 	 The	registration	system	is	a	set	of	precision	

marks	on	the	final	paper	print	substrate,	
outside	the	print	area.

	 It	is	used	for	a	QC	check	to	see	if	all	four	
colours	have	printed	in	the	correct	place.

	 If	the	colours	have	not	printed	in	the	correct	
place,	the	registration	marks	may	overlap,	
causing	a	blurred	or	distorted	image.

3	 Flexographic	printing.
4	 Finishes	are	used	for	the	following	reasons:

	 to	prevent	the	material	from	absorbing	
moisture

	 to	protect	against	decay	or	corrosion
	 to	protect	against	insect	attack
	 to	enhance	the	appearance	of	the	final	product.

5	 Aluminium.	

20 Modern industrial and 
commercial practice
1	 Batch	production	(although	a	barn	conversion	is	

a	bespoke,	one-off	project,	the	windows	that	are	
required	would	be	made	as	a	batch	and	could	
therefore	make	use	of	jigs	and	fixtures	in	their	
manufacture).

2	 	 Quick	response	manufacturing	(QRM)
	 Just	in	time	(JiT)
	 Flexible	manufacturing	systems	(FMS)

3	 	 Possibility	of	stock	being	damaged
	 Designs	going	out	of	fashion
	 Storage	costs
	 Money	tied	up	in	stock

4	 	 13-amp	plug
	 Train	coupling

5	 Vertical	in-house	production	(or	vertical	
integration)

6	 	 CNC	machines	such	as	lathe	and	milling	
machine

	 Robot	arm
	 AGV

21 Digital design and 
manufacture
1	 CAD	gives	the	ability	to:

	 work	to	a	very	high	standard	of	accuracy	of	
several	decimal	places

	 edit	designs	easily	with	tools	such	as	scale,	
rotate	and	mirror

	 design	concurrently	with	other	designers,	even	
in	different	locations

	 transfer	files	directly	to	CAM	for	prototyping	
and	manufacture.

2	 A	rapid	prototype	is	a	realistic	model	based	on	a	
CAD	file,	usually	made	by	3D	printing	processes	
such	as	fused	deposition	modelling	(FDM).

3	 MPS	software	can	co-ordinate	the	elements	
required	for	successful	JiT	production,	such	as	
labour,	stock	control	and	cell	programming.

4	 	 Computational	fluid	dynamics	(CFD)
	 Finite	element	analysis	(FEA)

5	 CNC	milling	uses	a	computer-controlled	machine	
that	is	programmed	to	move	a	work	piece,	which	
is	normally	metal,	relative	to	a	rotating	cutter	to	
manufacture	features	such	as	holes,	slots	and	
complex	surfaces.

22 The requirements for product 
design and development
1	 	 Visual	appearance	model:	full-size	car	model	

made	with	a	clay	outer	layer.
	 Working	prototype:	mechanism	modelled	with	

gears	etc.	for	moving	the	paper	and	print	head	
in	an	inkjet	printer.

	 Rapid	prototype:	injection-moulded	case	
design	for	a	game	console	control	unit.

2	 It	would	make	a	product	such	as	a	laptop	easier	
to	use	by	considering	elements	such	as:
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	 key	size,	position,	force	required,	texture	
and	feedback	for	ease	of	use	by	appropriate	
anthropometric	range	of	users

	 use	of	colour	and	symbols	to	highlight	controls
	 adjustment	of	screen	angle	for	comfortable	

viewing
	 volume	range	required	for	speaker
	 range	of	brightness	and	contrast	available	for	

the	screen
	 ease	of	access	to	elements	such	as	switches	

and	sockets.
3	 Empathic	design.
4	 The	appropriate	adjustment	range	to	allow	car	

drivers	to	reach	the	pedals	in	comfort	would	
be	established	by	using	data	from	the	5th	
percentile	female	to	the	95th	percentile	male.	
It	may,	however,	be	possible	to	extend	this	
range,	depending	on	other	factors	such	as	the	
requirements	for	rear	legroom.

5	 Product	design	specification	(PDS).

23 Health and safety
1	 Risk	assessment	is	something	that	an	employer	

is	required	to	carry	out	by	law.	The	assessment	
must	consider	what	might	cause	harm	to	people,	
and	if	reasonable	steps	are	being	taken	to	prevent	
that	harm.

2	 	 The	Health	and	Safety	Executive	(HSE)	is	a	
national	independent	watchdog	for	work-
related	health,	safety	and	illness.

	 It	helps	companies	and	employers	to	meet	
health	and	safety	obligations.

	 It	also	investigates	any	accidents	in	the	
workplace.

3	 	 Do	not	operate	any	machinery	or	equipment	
unless	you	have	been	trained	in	its	use.

	 PPE	must	be	worn	when	using	machinery.
	 Work	areas	should	be	kept	neat,	clean	and	free	

of	hazards.
4	 Safe	working	practices	would	include:

	 Have	designated	safe	zones	or	walkways	that	
must	be	kept	free	from	machinery.

	 Fit	forklift	trucks	or	vehicles	with	a	flashing	
light	and/or	reverse	signal	alarm	to	alert	those	
in	the	vicinity	of	vehicle	movements.

5	 	 A	safe	plug	would	show	the	BSI	kitemark	on	
the	body	of	the	plug.	This	shows	the	consumer	
that	the	plug	is	well	produced,	safe	and	fit	for	
purpose.

	 The	BSI	kitemark	will	also	usually	have	a	
number	beside	it.	The	number	is	the	standard,	
which	is	a	published	document	that	shows	an	
agreed	way	of	doing	something,	and	provides	
an	assurance	of	consistently	reliable	and	safe	
products.

24 Protecting designs and 
intellectual property
1	 These	are	rights	that	protect	intellectual	

property	(IP),	such	as	a	patented	invention	or	a	
trademarked	company	logo,	from	being	used	
without	authority.

2	 IPR	can	be	used	in	the	following	ways:
	 Patents	protect	novel	inventions	of	working	

designs	such	as	the	mechanism	of	a	Bosch	
lawnmower.

	 Trademarks	protect	company	logos,	slogans	
and	names,	such	as	Ford	cars.

	 Registered	designs	protect	the	appearance	of	
products	such	as	Gucci	handbags.

	 Copyright	protects	material	such	as	the	text	
and	photographs	in	a	magazine

3	 Designs	for	equipment	that	will	improve	the	
lives	of	people	living	in	developing	countries	may	
sometimes	not	be	patented	so	that	local	people	
and	organisations	can	freely	use	these	‘open’	
designs.	Examples	include	water	purification	
systems,	transport	devices	and	agricultural	
systems.	

25 Design for manufacturing, 
maintenance, repair and 
disposal
1	 	 A	supermarket	egg	carton	is	made	from	

moulded	cardboard,	since	once	all	the	eggs	
have	been	used	this	can	be	recycled.

	 Card	can	easily	be	formed	into	new	cartons	
and	other	similar	products	if	it	is	recycled	in	
the	appropriate	waste	bin.

2	 Products	can	be	designed	so	that	internal	parts	
such	as	circuits	and	bulbs	can	be	accessed	easily	
for	repair,	and	can	also	make	use	of	standardised	
parts	so	that	replacements	can	easily	be	found	
and	fitted.

3	 This	is	a	form	of	product	reuse	that	increases	the	
value	of	items,	such	as	discarded	glass	bottles	
being	used	in	lighting	products.

4	 Integral	clip	fittings	can	be	incorporated	into	
injection-moulded	parts	such	as	the	battery	cover	
on	a	remote	control.	This	means	that	there	are	
no	additional	components	required,	which	would	
complicate	manufacture,	and	the	unit	can	be	
taken	apart	easily	by	the	consumer	to	replace	the	
battery	without	using	any	tools.

5	 	 The	‘cradle	to	grave’	approach	considers	the	
whole	lifecycle	of	a	product,	from	sourcing	
raw	materials	through	to	what	is	done	with	the	
product	at	the	end	of	its	useful	life.
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	 The	‘cradle	to	cradle’	approach	shares	these	
attributes,	but	additionally	requires	that	the	
materials	used	can	be	recycled	in	a	pure	form	
for	reuse.

26 Feasibility studies
1	 	 Feasibility	studies	allow	manufacturers	to	

assess	the	potential	issues	that	may	arise	with	
the	development	of	a	project.

	 They	are	carried	out	by	using	methods	such	
as	spreadsheets	to	estimate	production	costs,	
and	computer	modelling	to	anticipate	cycle	
time	for	processes	such	as	injection	moulding.

2	 The	organisation	and	layout	of	the	factory	can	be	
simulated	to	optimise	the	position	of	elements	
such	as	assembly	lines,	workstations,	cells,	AGVs	
and	robot	arms.

3	 A	prototype	of	the	cardboard	packaging	for	a	new	
perfume	could	be	made	using	a	CNC	laser,	before	
the	die	cutter	design	is	finalised.	This	would	allow	
checks	to	be	made	on	how	securely	the	bottle	is	
held,	and	the	accuracy	of	the	net	for	folds	and	
closures.

27 Enterprise and marketing in 
the development of products
1	 Information	such	as	age,	gender,	disposable	

income,	residential	location,	recreational	
interests,	social	and	emotional	needs,	family	
needs,	budget	pressures,	brand	preferences.

2	 	 Global	marketing	is	the	process	of	promoting	a	
final	product	or	service	worldwide.

	 Different	countries	have	different	language	and	
cultural	beliefs.	The	designer	must	be	aware	of	
these	so	they	do	not	cause	offence	to	anyone	in	
another	country.

	 For	example,	if	a	piece	of	text	is	badly	
translated,	it	could	give	out	a	completely	
different	or	offensive	meaning,	thus	devaluing	
the	product	and/or	giving	the	company	a	bad	
reputation.

3	 The	cost	of	a	product	is	the	total	cost	of	its	
manufacture,	divided	into	direct	and	indirect	
costs.

4	 An	entrepreneur	is	a	person	who	demonstrates	
initiative	and	invests	capital	into	an	idea	by	setting	
up	a	business,	project	or	other	venture.	They	
commonly	work	with	designers	and	engineers	to	
turn	their	ideas	into	reality.

5	 Collaborative	work	involves	working	in	a	design	
team	and	can	be	either	face	to	face	or	virtually,	
using	video	conferencing	and	other	file-sharing	
platforms.

28 Design communication
1	 First	angle	orthographic	dimensioned	working	

drawing.	
2	 A	pie	chart	most	easily	displays	proportional	

division,	as	the	relative	size	of	the	segments	can	
easily	be	seen.

3	 A	sectional	view	would	show	this	clearly	as	
it	could	slice	vertically	through	the	container	
opening	and	the	top,	showing	clearly	how	the	two	
parts	fit	together	without	requiring	the	use	of	
hidden	detail	lines.

4	 Isometric	crating	makes	it	easier	to	draw	curves	
and	angled	surfaces,	as	the	feint	lines	drawn	with	
the	aid	of	a	set	square	provide	a	framework	to	
guide	the	positioning	of	more	complex	elements	
such	as	curves	and	sloping	surfaces.

5	 Mixed	media	drawing	and	rendering	can	convey	
detail	and	realistic	textures.

Exam practice answers
1	 ABS.
2	 A	material	developed	through	the	invention	of	

new	or	improved	processes,	e.g.	as	a	result	of	
man-made	materials	or	human	intervention.	
Modern	materials	are	not	‘smart	materials’	
because	they	do	not	react	to	external	change.	A	
specific	modern	material	is	Kevlar.

3	 Anodising	would	be	a	suitable	finish	for	the	
mobile	phone	case.	It	is	suitable	because	
anodising	is	used	for	aluminium	products	and	
provides	a	hardwearing	surface	finish,	which	is	
good	as	the	phone	will	be	on	many	surfaces	and	
in	pockets	and	likely	to	be	scratched.	Anodising	
also	allows	colour	to	be	created	on	the	product	by	
using	a	pigment;	colour	is	what	is	required	by	the	
designer.	

4	 Polymers	can	have	additives	such	as	fillers	(e.g.	
sawdust,	chalk	and	wood	flour)	added	to	provide	
bulk	to	the	product	and	reduce	the	amount	of	
polymer	required.	Mineral	fillers	can	help	the	
thermal	conductivity	of	the	polymer	during	
processing.	This	means	the	polymer	heats	up	and	
cools	down	more	quickly,	giving	shorter	cycle	
times	and	a	reduced	energy	per	cycle	use.

5	 Contact	adhesive.
6	 Rod,	tube,	bar,	granules,	powder,	sheet.	
7	 Control	of	Substances	Hazardous	to	Health.
8	 CFRP	–	Formula	1	car	parts	such	as	body	panels.	

GRP	–	small	boat	hulls.
9	 a	 Legal	protection	of	novel	aspects	of	designs.

b	 Expect	to	see:	copyright	such	as	instruction	
booklet,	design	rights	or	registered	design	
for	the	appearance	of	the	mower,	patent	
for	working	elements	such	as	the	motor	or	
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circuitry,	and	trademark	for	branding	elements	
such	as	logos	or	the	name	of	the	product.	One	
mark	for	each	form	of	IPR	and	one	mark	for	
each	valid	application	for	the	given	product.

10	a	 One-off,	bespoke	or	job.
b	 Description	might	include:

–	 identification	of	the	unique	nature	of	the	
pieces	of	timber

–	 manufacturing	difficulties	due	to	inconsistent	
shape	of	parts	and	unequal	spacing

–	 impossible	to	use	jigs/fixtures	due	to	uneven	
surfaces

–	 need	for	skill	to	make	individual	joints.

Designing and making 
principles

1 Design methods and processes
1	 The	design	and	marketing	of	certain	cars,	such	

as	the	Ford	Focus	RS,	are	aimed	at	appealing	
to	drivers	looking	for	high	performance.	Styling	
and	advertising	will,	therefore,	prioritise	and	
emphasise	this	aspect,	rather	than	what	might	be	
considered	the	dull	features	of	car	design,	such	
as	luggage	capacity	and	rear	headroom.

2	 The	person	that	the	chair	is	being	designed	for	
will	have	unique	anthropometric	characteristics.	
Examples	of	these	might	include	limited	leg	
movement	or	problems	with	spine	curvature.	
Secondary	anthropometric	data	would	be	too	
generic	to	provide	the	essential	data	required	to	
ensure	the	comfort	of	this	individual.	

3	 A	method	of	organising	the	design	and	
development	of	a	product	whereby	ongoing	
evaluation	of	ideas	results	in	improvements	
being	made,	which	are	incorporated	in	the	design	
and	then	subjected	to	further	evaluation	as	the	
process	is	repeated.

4	 User-centred	design	(UCD).		

2 Design influences, styles and 
movements
1	 	 Bauhaus	designs	were	as	functional	as	

possible,	without	any	additional	decoration.
	 Marcel	Breuer’s	Wassily	chair	consisted	of	

a	simple	tubular	steel	framework,	which	
provided	some	elasticity	for	comfort,	and	plain	
leather	upholstery.

	 This	design	removed	the	need	for	bulky,	
complex	upholstery	using	traditional	
materials,	and	meant	that	the	chair	had	simple,	
uncluttered	aesthetics.

2	 	 Arts	and	Crafts	furniture	was	simple	and	had	
very	little	decoration.

	 It	made	use	of	‘honest’,	traditional	
woodworking	techniques	such	as	pegged	
mortise	and	tenon	joints.

	 Its	attractive	appearance	relied	on	the	beauty	
of	the	grain	and	colour	of	natural	timbers	such	
as	oak.	

3	 Art	Deco	influences	included	the	discovery	of	
Tutankhamun’s	tomb,	rustic	African	carvings	and	
Ziggurat	temples.

4	 	 Memphis	designers	such	as	Ettore	Sottsass	
were	much	more	interested	in	the	striking	
appearance	of	their	products	than	the	way	that	
they	functioned.

	 The	playful,	angular,	colourful	and	
anthropomorphic	appearance	of	the	Carlton	
Room	Divider,	for	example,	resulted	in	a	design	
that	was	impractical	for	use	as	a	bookcase.

3 Designers and their work
1	 Phillipe	Starck	is	a	French	designer	who	did	a	lot	

of	work	for	the	Alessi	Company.
	 He	is	well	known	for	designing	the	Juicy	Salif	

Lemon	Squeezer,	which	is	an	aluminium	
sculptural	item	with	a	striking	appearance	that	
was	prioritised	over	its	function	to	squeeze	
lemons.

	 It	is	potentially	unstable	and	the	pip-collecting	
ridges	don’t	work	very	well.

	 It	is,	however,	often	regarded	more	as	a	
conversation	piece	to	be	put	on	display	rather	
than	a	standard	kitchen	item.	

2	 Charles	and	Ray	Eames.
3	 For	example:

	 Good	design	is	honest.	This	means	that	
designers	should	not	incorporate	features	
that	deceive	consumers.	An	example	of	this	
might	be	a	music	system	with	additional	
controls	and	lights	that	add	nothing	to	the	
sound	quality.

	 Good	design	makes	a	product	understandable.	
Products	should,	therefore,	be	intuitive	to	
use	with	no	distracting	elements,	such	as	
superfluous	decoration	and	detail	that	might	
cause	confusion.

4	 	 Margaret	Calvert	was	responsible	for	the	
standardised,	pictogram-based	road	signs	
currently	in	use.

	 She	also	developed	new	fonts	and	designs	for	
direction	and	distance	signs	used	on	roads	
such	as	the	motorways,	which	were	being	
developed	when	she	was	active	in	the	1960s.

	 These	designs	helped	to	make	roads	safer	as	
they	were	more	easily	read	and	understood.
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5	 	 The	dual-cyclone	system,	based	on	wood	
dust	extraction	methods	used	in	sawmills,	
doesn’t	require	a	dust	bag,	which	improves	
the	performance	of	the	vacuum	cleaner	as	the	
airflow	is	not	impeded.

	 Distinctive	colours	are	used	in	the	plastic	
injection	mouldings	so	that	consumers	can	
identify	controls	and	catches	more	easily.

	 It	makes	use	of	a	range	of	moulded	integral	
fittings	to	make	it	easier	to	assemble	and	
maintain.

4 Socio-economic influences
1	 Many	Bauhaus	furniture	designers,	such	as	

Marcel	Breuer,	were	influenced	by	the	extensive	
use	of	tubular	steel	in	the	construction	of	aircraft	
such	as	the	Fokker	D.VII	Triplane.	They	used	
tubular	steel	to	construct	strong	but	lightweight	
frames	for	chairs	and	other	furniture.

2	 Utility	furniture	was	specifically	intended	to	
address	wartime	shortages	of	raw	materials	
such	as	timber	by	providing	simple,	functional	
furniture	for	those	who	desperately	needed	it.	
The	designers	were	led	by	Gordon	Russell,	who	
was	influenced	by	the	Arts	and	Crafts	movement.

3	 It	was	a	post-Second	World	War	organisation	set	
up	to	promote	and	improve	the	design	of	products	
in	the	UK,	in	order	to	compete	more	effectively	
in	a	world	market	and	provide	customers	with	a	
broader	range	of	well-designed	products.	Large-
scale	exhibitions	were	organised	to	promote	
British	design	and	in	1972	the	Design	Council	took	
over	from	the	COID.

4	 	 This	was	the	first	example	of	self-assembly	
furniture,	which	made	use	of	simple	threaded	
knock-down	(KD)	fittings	to	facilitate	removal	
of	the	legs.

	 Ikea,	Lundgren’s	company,	went	on	to	establish	
a	massive	range	of	mass-produced	self-
assembly	furniture,	and	is	now	often	regarded	
as	the	market	leader	in	this	type	of	furniture.

5	 	 The	development	of	injection-moulded	
thermoplastics	led	to	polymers	including	
polypropylene	being	used	for	furniture	
manufacture,	such	as	the	Robin	Day	PP	chair.

	 Transistors	were	invented	in	the	late	1940s,	
and	this	facilitated	the	development	of	
miniaturised	electronic	products	such	as	
portable	radios.

5 Major developments in 
technology
1	 Before	transistors	were	invented,	bulky,	fragile	

and	energy-intensive	thermionic	valves	had	
been	used.	The	much	smaller	transistor	made	

it	possible	to	design	miniaturised	products	as	
compact	batteries	could	meet	the	power	supply	
requirements,	and	there	was	less	need	to	
ventilate	the	circuits.

2	 Machining	is	often	undertaken	using	
programmable	computer	numerically	controlled	
(CNC)	machines	making	use	of	files	generated	
from	CAD	files,	whereas	previously	it	had	to	be	
done	on	manual	machines	or	automatic	machines	
that	could	only	carry	out	repetitive	tasks.

3	 Integrated	circuits	(ICs)	compress	millions	or	
billions	of	transistors	in	one	component.	This	
has	made	it	possible	to	design	very	powerful	
computers	and	miniaturise	products	such	as	
smartphones	so	they	can	have	a	massive	range	of	
powerful	functions.

4	 Fridges	can	be	designed	with	scanning	systems	
that	monitor	when	products	are	used	and	this	can	
be	linked	to	an	automatic	online	shopping	system	
to	order	fresh	supplies	as	they	are	required.

5	 	 Electrohydraulic	forming	uses	a	shockwave	
in	a	water	tank	to	force	sheet	metal	on	to	a	
former	for	fast	manufacture	of	highly	detailed	
components.

	 Fibre	injection	moulding	is	used	to	form	very	
strong	glass	or	carbon	fibre	filled	polymer	
products	such	as	parts	for	cars.	The	process	
can	be	used	to	recycle	carbon-fibre	waste	that	
would	otherwise	have	to	go	to	landfill.

6 Social, moral and ethical 
issues
1	 Inclusive	design	is	the	design	of	products	that	are	

accessible	to	the	largest	possible	range	of	people	
without	the	need	for	the	product	to	be	adapted	in	
some	way.	

2	 The	United	Nations	Population	Fund	(UNFPA)	
worked	with	designers	and	manufacturers	
to	develop	‘hospitainers’,	which	are	portable	
hospital	facilities	adapted	from	shipping	
containers.

3	 The	Bhopal	disaster	in	India	resulted	in	
thousands	of	deaths	and	injuries.	It	was	caused	
by	defects	in	the	manufacturing	system	for	a	
toxic	chemical	intended	for	use	in	agricultural	
products.	

4	 This	is	a	scheme	that	aims	to	improve	companies’	
social	responsibility	and	sustainability,	such	as	
Lego’s	commitment	to	use	solely	sustainable	raw	
materials	by	2030.	

5	 The	Fairtrade	movement	wishes	to	see	an	end	to	
farmers	and	craft	workers	being	exploited	and	
treated	unfairly	in	developing	countries.	Fairtrade	
products	are	ethically	sourced	and	are	priced	to	
ensure	that	the	producers	receive	appropriate	
financial	reward.
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7 Product life cycle
1	 Introduction,	evolution,	growth,	maturity,	decline/

removal	and	extension/replacement.
2	 When	digital	cameras	were	introduced	they	

could	not	match	the	film	camera	image	quality	
that	consumers	expected.	Manufacturers	have	
constantly	upgraded	the	sensors	and	other	
technology	in	their	cameras	to	meet	the	high	
expectations	of	consumers.

3	 Manufacturers	try	to	push	their	latest	ideas	
for	products	on	to	the	market	in	the	hope	that	
consumers	will	buy	them.	Google	released	a	
head-worn	electronic	device	called	‘Google	
Glass’,	which	the	public	did	not	buy	due	to	its	high	
cost,	and	additional	concerns	about	safety	and	
privacy.

4	 Planned	obsolescence	is	when	products	have	
to	be	discarded	because	it	is	no	longer	possible	
to	run	or	maintain	them	due	to	factors	such	as	
incompatible	upgrades	or	the	unavailability	of	
spare	parts.

5	 Companies	use	R&D	to	ensure	that	they	have	
a	constant	flow	of	new	ideas	to	incorporate	in	
future	products	or	the	development	of	existing	
products.	Dyson,	for	example,	has	committed	to	
spending	billions	of	pounds	to	develop	an	electric	
vehicle.

8 Design processes
1	 Teams	of	designers	are	able	to	maximise	their	

creativity	by	taking	advantage	of	particular	
expertise	in	the	group,	and	also	by	meeting	other	
members	of	the	team	to	stimulate	discussion,	
which	can	also	take	place	through	video	
conferencing.

2	 The	SCAMPER	technique	makes	it	easier	to	
rethink	existing	designs	in	a	creative	way.	The	
4x4	design	activity	encourages	the	collaborative	
development	of	ideas.

3	 A	mood	board	is	a	form	of	inspiration	collage	
for	improving	designs,	containing	a	collection	
of	images	that	display	colours	and	styles	
appropriate	to	the	product	and	target	consumers.

4	 	 Ergonomics:	this	would	be	primarily	concerned	
with	gathering	appropriate	anthropometric	
data	to	ensure	the	seat,	back,	armrests	and	
adjustable	elements	are	the	correct	size,	but	
also	checking	the	ease	with	which	it	can	be	
used,	possibly	with	the	help	of	focus	groups	
trying	a	prototype.

	 Aesthetics:	mood	boards	reflecting	the	likely	
location	and	customers	of	the	product	would	
be	a	useful	research	tool	for	considering	
aesthetics.

	 Sustainability:	materials	could	be	researched	
by	using	data	from	manufacturers	to	check	
issues	such	as	recyclability.

5	 Throughout	the	design	process,	all	ideas	have	to	
be	carefully	scrutinised	to	check	their	viability	
and	to	seek	ways	in	which	they	can	be	improved.

9 Critical analysis and evaluation
1	 This	is	the	use	of	objective,	independent	

individuals	or	organisations	to	evaluate	products	
so	that	they	will	provide	unbiased	opinions.

2	 BSI	produces	standards,	such	as	BS1363	for	
13-amp	plug-related	products,	which	are	used	to	
facilitate	quality	and	safety	certification.

3	 Products	are	taken	apart	to	establish	key	
features	of	how	they	have	been	made,	the	
materials	involved	and	other	points	that	might	
help	in	the	further	development	of	designs.

4	 Manufacturers	recall	products	if	they	are	found	
to	be	faulty	or	dangerous.	It	is	a	very	expensive	
process,	since	refunds	or	repairs	will	have	to	be	
carried	out	at	their	expense,	and	the	consequent	
adverse	publicity	may	be	detrimental	to	the	brand	
image.

10 Selecting appropriate tools, 
equipment and processes
1	 A	prototype	is	the	first	generation	of	a	product.	It	

is	used	to	fault-find	and	evaluate	prior	to	future	
production	runs.	A	company	could	use	prototypes	
to	test	performance	and	aesthetics,	and	to	gather	
market	feedback	prior	to	manufacturing	the	
product.

2	 A	designer	would	use	a	proof	of	concept	prototype	
to	show	how	the	product	would	function	and	the	
main	technical	aspects	of	the	design.	The	proof	
of	concept	prototype	can	be	used	to	see	if	the	
product	functions	as	intended.	There	may	be	lots	
of	proof	of	concept	prototypes	made	and	tested	
prior	to	a	fully	working	solution	being	found.

3	 Three	factors	to	consider	are	the	material	the	
product	will	be	made	from,	any	specific	features	the	
product	may	require	in	order	to	work	as	intended,	
and	what	amount	of	the	product	needs	to	be	made.

4	 Batch	production	is	where	a	set	number	of	
products	are	made	at	one	time.	An	example	of	a	
batch-produced	product	would	be	a	batch	(e.g.	of	
20)	dining	tables,	all	made	at	one	time.

5	 Mass	production	is	where	large	quantities	of	the	
same	standard	product	or	component	are	made	
and	is	used	for	products	that	we	use	every	day,	
for	which	there	is	therefore	a	high	demand.	An	
example	of	a	mass-produced	product	would	be	
single-use	water	bottles.
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11 Accuracy in design and 
manufacture
1	 A	template	consists	of	a	piece	of	sheet	material	

which	is	cut	out	accurately	in	the	shape	of	a	
required	outline	for	a	product	component	so	that	
a	batch	of	identical	pieces	can	be	marked	out	
with	the	same	profile.	This	is	done	by	marking	
around	the	template	onto	the	material	with	an	
appropriate	marking	tool	such	as	a	scriber.	pencil	
or	marker	pen.

	 An	example	of	its	use	would	be	to	mark	out	the	
outline	of	a	batch	of	decorative	wooden	shields	to	
be	cut	with	a	bandsaw.

2	 A	datum	edge	or	surface	provides	a	reference	point	
from	which	dimensions	can	be	taken.	This	avoids	
the	possibility	of	cumulative	errors	occurring	due	
measurements	being	taken	from	a	variety	of	points.

3	 Dials	are	used	on	the	handles	to	indicate	the	
amount	of	linear	travel	for	each	increment.

4	 This	is	called	a	fixture.

12 Responsible design
1	 Primary	recycling	is	when	the	first	user	of	a	

product	no	longer	has	a	need	or	want	for	it	and	
so	passes	the	functioning	product	on	to	another	
user.	This	may	happen	via	options	such	as	giving	
old	furniture	to	charity	shops	or	putting	an	item	
on	Gumtree.	Primary	recycling	is	sometimes	
known	as	‘reuse’.

2	 In	packaging	design	the	following	factors	should	
be	considered:

	 making	the	packaging	lightweight
	 using	recycled	content
	 making	the	packaging	recyclable	or	reusable
	 the	use	of	refills	and	concentrates
	 using	minimal	packaging	material
	 charging	for	items	such	as	supermarket	

carrier	bags.
3	 Oil,	coal	and	natural	gas	are	finite	energy	sources.
4	 Alternative	energy	sources	are	also	known	as	

renewables	as	they	are	not	finite	and	will	not	
run	out.	Examples	of	alternative	energy	sources	
are	wind,	hydro,	solar	photovoltaic,	wave,	tidal,	
geothermal	and	biomass.

5	 A	company	can	support	a	circular	economy	in	
various	ways.	For	example:

	 An	IT	company	or	a	tool	hire	company	could	
lease	products	to	consumers,	which	saves	new	
products	constantly	being	manufactured	and	
bought	for	short-term	or	single	use.

	 A	take-back	system	could	be	used	where	the	
company	takes	back	the	product	at	the	end	of	
life	and	reuses	and/or	recycles	the	component	

parts	for	future	use.	For	example,	Dyson	takes	
back	vacuum	cleaners	for	recycling	at	end	of	
their	life	at	no	cost	to	the	consumer.

	 Companies	can	design	products	for	
refurbishment,	effective	disassembly,	
remanufacture,	reuse	and	recycling,	and	
consider	the	use	of	low-energy	and	alternative	
energies	for	product	manufacture.

13 Design for manufacture and 
project management
1	 The	system	is	called	Six	Sigma	and	the	five	

stages	can	be	summarised	as:	define,	measure,	
analyse,	improve	and	control	(DMAIC).

2	 	 Mould	flow	analysis	(MFA)	could	be	carried	out	
before	making	the	final	mould	to	ensure	that	
the	molten	polymer	will	flow	correctly	into	all	
parts	of	the	cavity.

	 The	polymer	being	used	should	be	obtained	
only	from	ISO	9001	suppliers	to	ensure	that	it	is	
always	of	the	right	quality.

3	 CPA	allows	you	to	identify	the	potential	
for	carrying	out	parallel	processes	during	
manufacture,	which	can	save	time	and	thus	
improve	profitability.

4	 It	is	a	two-part	measurement-checking	device	
with	an	oversize	section	and	an	undersize	section	
that	is	held	against	parts	of	mass-produced	
products,	such	as	glass	bottles,	to	check	easily	
that	they	are	within	acceptable	tolerance.

5	 Tolerance	is	the	level	of	accuracy	that	can	be	
accepted	for	particular	measurements.	A	poker	
would	have	a	much	wider	tolerance	than	a	ball	
for	a	biro	because	it	would	not	matter	if	the	
measurements	were	several	millimetres	bigger	
or	smaller	than	the	ideal	size,	whereas	the	ball	
would	need	to	fit	with	great	precision	to	facilitate	
appropriate	ink	flow.

14 National and international 
standards in product design
1	 British	Standards	Institution	(BSI).
2	 The	EC	Energy	Label	scheme.
3	 That	it	is	a	timber-based	product	that	the	Forest	

Stewardship	Council	(FSC)	has	approved	as	being	
sustainably	produced	in	a	way	that	protects	the	
environment.	

4	 It	indicates	that	it	is	an	electrical	product	that	
complies	with	the	2006	WEEE	directive	for	end	
of	life	electric	and	electronic	equipment,	and	
that	the	instructions	for	safe	disposal	should	be	
followed,	particularly	if	it	contains	a	battery.

5	 The	End	of	Life	Vehicles	(ELV)	directive.
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Exam practice
1	 Type	of	material	to	be	used;	the	volume	of	

production;	the	availability	of	tooling	and	
processes	(including	set-up	costs).

2	 The	employer	should	comply	with:	the	HSWA	
(Health	and	Safety	at	Work	Act);	COSHH	(Control	
of	Substances	Hazardous	to	Health);	the	Personal	
Protective	Clothing	Regulations	2002.

3	 Circular	economy	is	an	approach	that	anticipates	
and	designs	for	biological	and	technical	
‘nutrients’	to	be	continuously	reused	at	the	same	
quality,	dramatically	reducing	the	dependency	on	
sourcing	new	materials.	A	circular	economy	is	
important	as	it	creates	opportunities	to:

	 work	against	the	unsustainable	‘take,	make,	
dispose’	culture

	 promote	and	drive	greater	resource	productivity
	 reduce	the	use	of	finite	resources
	 reduce	waste
	 avoid	pollution
	 deliver	a	more	competitive	UK	economy
	 help	reduce	the	environmental	impact	of	our	

product	manufacture	and	consumption	in	both	
the	UK	and	global	markets.

4	 a	 Primary	research	involves	the	designer	
directly	gathering	information	that	is	required,	
whereas	secondary	research	obtains	
information	from	sources	such	as	the	internet	
and	books.

b	 Examples	might	include:
–	 gathering	anthropometric	data	by	measuring	

appropriate	groups	of	children
–	 disassembling	other	toys	to	identify	useful	

features
–	 carrying	out	tests	for	properties	such	as	

bending	strength	on	materials	that	might	be	
used

–	 using	a	focus	group	to	test	prototypes.
5	 a	 A	design	style,	incorporating	a	range	of	

diverse	influences,	that	was	a	reaction	to	the	
perception	that	modern	design	was	‘boring’.

b	 The	Carlton	Room	Divider	(Dresser),	designed	
by	Ettore	Sottsass,	is	an	ideal	example	and	
candidates	might	be	expected	to	include	points	
such	as:
–	 incorporates	a	fun,	anthropomorphic	human	

figure
–	 uses	bold,	colourful,	non-traditional	plastic	

laminate
–	 abstract	arrangement	of	geometric	forms
–	 limited	functionality	due	to	unusual	shape	

and	angles
–	 more	of	a	sculptural	statement	piece	rather	

than	a	practical	piece	of	furniture.

6	 (B)	Transistor.
7	 Answers	might	include	points	such	as:

	 the	ethical	treatment	of	farmers	and	craftsmen	
promoted	by	Fairtrade

	 the	Forest	Stewardship	Council’s	sustainable	
approach	to	managing	timber	resources

	 Candidates	may	also	include	other	relevant	
organisations	and	individual	designers.

8	 A	 Introduction	(product	launch,	market	research,	
publicity,	etc.)

B	 Growth	(advertising	increasing	sales,	replacing	
older	models,	etc.)

C	 Maturity	(sales	peak,	importance	of	
maintaining	this	stage,	etc.)

D	 Decline/removal/withdrawal	(sales	diminish,	
replacement	anticipated,	etc.)

E	 Extension/replacement	(new,	improved	version	
introduced,	etc.)

9	 Examples	of	possible	responses	and	
explanations:

	 Use	of	standards	such	as	BSI	and	ISO:	these	
ensure	safety	and	high	quality.

	 Waterproof	seals:	must	keep	water	out	when	
working	at	depth.

	 Comfortable	fit	(ergonomics/anthropometrics):	
diver	needs	to	be	able	to	work	for	considerable	
periods	without	fatigue.

	 Clear	visibility:	important	for	safety	to	be	able	
to	see	what	is	around.

	 Appropriate	mounting	points:	accessories	such	
as	torches	and	cameras	need	to	be	attached.

	 Compatibility	with	air	supply	system:	must	fit	
without	leaks	to	ensure	continuity	of	air	supply.

	 Tough:	must	not	crack	if	there	is	an	impact	with	
rocks,	etc.

	 High	compressive	strength:	to	withstand	high	
pressures	at	depth.

	 Colour:	bright	yellow	improves	visibility	for	
potential	rescue	situations.

	 Lightweight:	makes	it	more	comfortable	and	
less	tiring	to	wear.

10		(C)	Steel	rule.


