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OUR VALUES

BE WHO GOD MEANT YOU TO BE AND YOU
WILL SET THE WORLD ON FIRE.

LOVE

As we know we are loved by God, we
will learn to love ourselves and care
for our own body mind and soul.

We will show love to one another by
being patient and kind, not by being
rude, boastful or proud.

As one body in Christ, we will ensure
that no member of our community is
left out or left behind

AT SAINT BENEDICT
WE DEVELOP THE

CHARACTER OF OUR
COMMUNITY THROUGH
OUR CURRICULUM AND
CULTURE.

BELIEF

We will encourage one another and
build each other up.

We will let our light shine, making the
world a better place for all.

KNOWLEDGE

We will value knowledge: intelligent
hearts acquire knowledge, the ears of
the wise seek knowledge.

INTEGRITY

We will always strive to make the right
choice even when this is the harder
path to take.

We will live and work sustainably.



Respect

What is Respect?

Showing respect is an important part of life, and how

you maintain relationships.

Three types of respect: Respect Due regard for the feelings, wishes and
rights of others

1. Respect Yourself Honour The quality of knowing and doing what
is morally right

2. Respect Others Dignity Sense of pride and self respect

Relationships The way two or more people or groups
3. Respect the Planet connect and behave towards each other

Worthiness

Why is respect important?

Receiving respect from others is important because
it helps us to feel safe and to express

ourselves. Respecting others helps maintain a
peaceful world and encourages others to be better
people. Showing respect to our planet allows us to

maintain it for future generations.

Rules and Sanctions

s |

Conduct The way in which a
person behaves.

Unacceptable = Something that is not
suitable or appropriate.

Boundaries The limits of something.

Sanction A penalty or action taken
when a rule or law has
been broken.

Consistent Acting in the same way

overtime to be fair.

The quality of being good enough

Build up a loving community

Behaviour

Rules and sanctions are things which guide our behaviour. We
follow rules and regulations to be fair and consistent. Sanctions

occur if we do not follow rules or deliberately break them.
Preparation for life

All aspects of life require us to follow rules. There are rules in
school; rules in your family and home; rules to follow when
crossing the road and using the bus and so on. Structure and
rules allow us all to know what is acceptable and how to conduct

ourselves. Rules reassure us
The law

We are all bound by the rules of the law. If we break the law, we
face a raft of different sanctions. Ultimately, having rules in
schools is about a lifelong understanding about what is right and

what is wrong.



Kindness

Key word

Empathy Understand and share feelings of

others

Compassion Concern for misfortune of others

Compliment Praise or congratulate others

Considerate Thoughtfulness and sensitivity to

others

Generous Being liberal with things

Emotions

KeyWorts ||

Feelings An emotional state or reaction.

Relationships The state of being

connected with someone else.

Instinct A fixed pattern of behaviour.

Intuitive Using what you feel to be true

even without conscious

reasoning.

Reaction Something done, felt or thought
in response to a situation or
event.

Identification The act or process of identifying

someone or something.

Treat others how you would want
to be treated yourself.

What is Kindness?

The quality of being friendly, generous and considerate

What does it mean to be kind?

To have empathy/sympathy, be compassionate, looking

for good in people.

Why is it important to be kind?
Makes you feel happy, feel good about yourself
Builds strong relationships

Inspires others

How can we show kindness?

Smile

Hold the door open for somebody

Say something nice (compliment)

Invite somebody sat on their own to join you
Manners

Listen to somebody 3

Work and play in harmony

What are emotions?

Emotions are biological states associated with the nervous

system.

Thoughts, feelings, behavioural responses, and relationships all

generate emotions.
An instinct or, intuitive reaction or feeling can create emotions
Identifying feelings

Making sense of what and how you feel is not always easy. To do
this, we need to regularly check in with ourselves, making time to
think about the feelings we are having and naming them. To do
this, we need to think about our daily lives which may help us to

see patterns of behaviour.
Not all feelings or emotions are bad or negative!

It is important to recognise when you feel happy; relaxed and
good about yourself. Knowing what has led to these feelings can
help us identify things we do not like which may cause us

negative feelings.
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Verbal Communication Treat each other with dignity and justice

Clarity Vocal clarity means you do not speak too fast
or too slowly. You consider carefully the words
you mean and whether your listener can

understand you.

Honesty Honesty is speaking the truth.

Respect Respect means that you accept somebody for
who they are, even when they are different

from you or you do not agree with them.

Appropriate fitting the practical or social requirements of

the situation.

Tone a quality in
the voice that expresses your feelings or thou
ghts, often towards the person being spoken

to or the subject being spoken about

Courtesy politeness, good manners, or consideration for

other people.

Manners

KoyWords |

Manners A person's words or way of behaving
towards others.
Respect A regard for the feelings, wishes,
or rights of others.
Listen To take in what you hear.
Harmony A time of behaving in one way
to produce a pleasing effect.
Vocabulary The range of words that we
know and use.
Gratitude The quality of being

thankful; readiness to show
appreciation for and to return

kindness.

What is verbal communication?
Verbal communication is the use of words to share information with
other people.

What does it mean to communicate effectively?

Every time you verbally interact with someone you are aiming to
develop your understanding of the world; you may be wishing to
obtain information, respond to a request or offer support or
guidance to another. In every one of these exchanges you are
representing your tutor, your family and most importantly yourself.

Why is it important to communicate effectively?
All young people need to develop good speech, language and
communication skills to reach their full potential.

Speech, language and communication underpin the basic skills of
literacy and numeracy and are essential for you to understand and
achieve in all subjects.

How can we communicate effectively?

Make eye contact

Speak honestly

Consider your role within the school

Consider the role of the person you are speaking to

Think carefully why you need to speak to the person you are
addressing

Where necessary adapt as your conversation develops

Loving...harmony...dignity

Treat your neighbour as yourself

The way in which we behave and speak

towards others, reflects in their actions and words towards
us.

Show the best side of yourself
When you speak to others, always show respect; be polite
and thankful. Use the words 'please, thank you, sorry and

pardon’ when communicating with others.

Manners are for every situation

Every interaction has space for the use of manners:
speech, emails, messages. Often when we get
upset or angry we don't use manners.

However it does calm a situation if you do.



Change

Key Words

Change

Organised

Opportunity

Coping

Embrace

Strategies

Definition

Make or become different
Make arrangements or preparations for
an event or activity

A time set of circumstances that make it
possible to do something
To deal effectively with

something difficult

Accept (a belief, theory or

change) willing and enthusiastically

A plan of action designed to achieve

a long term or overall aim

Develop potential to the full

Find the positive

Don't allow yourself to become negative about the

changes in your life. Change is good, keep repeating it.

Feeling vulnerable

Facing change can be very overwhelming, leaving you
feeling very emotional. Make it your mission to be

proactive and respond to it positively.

Talk about it

It's good to talk about change in your life. Focus on
problems, solutions and the positives that change will
bring. Try to avoid focussing on the negatives and letting

emotions take over. 7



Study Skills — Ways to learn and remember

Self quizzing (look, cover, write)

N/ V/
Read through the Cover the Write down as Use the knowledge
information in the information up much as you can book to;
knowledge book remember
that you want to a) Correct any mistakes
learn b) Add any information
that you forgot
1
Study Skills — Ways to learn and remember
Spacing
oE— l
Complete a self quiz of Wait for a day or 2 Repeat the self quiz.
the information you (depending on the
want to learn deadline)

The more times you can repeat this process, the more you will be able to
remember without the book



Study Skills — Ways to learn and remember

Elaboration

Think about the topic that you are
studying

Ask questions such as who, what,
why , where , when how. Try to find
the answers

See how these ideas connect - a
mind map will be useful for this

Study Skills — Ways to learn and remember

Concrete Examples

Oz

A concrete example is an
clear example of an

abstract idea

Pythagoras theorem example

If you tried to explain Pythagoras’s theorem to
someone verbally, it would be quite hard to
understand.

By using a concrete example that shows exactly

how to use Pythagoras theorem, it is much
easier to remember, understand and use
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Study Skills — Ways to learn and remember

Interleaving

1. Try to use different study skills
rather than just one technique.

2. When revising for exams, prepare
a revision timetable and try to revise
more than one subject during a

Research says we will actually session
learn more effectively if we mix
our study skills up rather than
using the same techniques all
the time

Study Skills — Ways to learn and remember

Dual Coding
N\ ' ! 4
- Wi\

As well as writing information down, create an icon/ drawing too for
individual facts. This helps your brain to remember the information
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Course overview

Grade scale

Unit Contribution to final grade Level Grade
\ Distinction*
R0O38 Exam 40%
2 \ Distinction
R039 Coursework 30% Merit
R0O40 Coursework 30% Pass
Distinction
1 Merit
Pass
Updated Mar ‘25
Contents
Section Content From page Notes
R308 TA1 Designing processes 4
Exam Content
R308 TA2 Design requirements 19 Content that you need for your
exam.
R038 TA3 Communicating design ideas 37 This content also supports R039
& R040
R038 TA4 Evaluating design ideas 58
Coursework Content
RO39 Communicating design 78 1. Tasks.
2.  Mark schemes per task.
3. Helpful content.
4. Additional reference
R040 Design evaluation & modelling 99 material.
Reference Glossary of words. 120 Content that is useful in more
Information Risk Assessment reference information than one unit.




Unit RO38:

Principles of engineering design

Examined.

Worth 40% of your final grade.

RO38 Topic Area 1:
Designing processes

Unit RO38 Principles of engineering design.



TA1.1 The stages involved in design strategies
These strategies can often be used in combination:

. . Each stage is completed before moving on to the next. No stages are
Linear design
repeated.
A prototype is made quickly; then the design is evaluated, improved and
Iterative design another prototype made. This continues until all design issues are
resolved.
Inclusive design Creating designs that can be used by everyone.
User-centred design Design based on the needs of the user.
Sustainable design Design centred on sustainability.
Ergonomic design Design for comfort, ease of use, & safety.

TA1.2 Stages of the iterative design process

Iterative design means testing each version of a
design and using that information to help make an
improved version.

Primary Secondary
research research

Sketching Modelling Virtual

modelling

Evaluating:
Against design
brief &
specification

Analysis Research Plislizs Generate Make

engineering design —

de.sllgn' ideas evaluate
specification

of design product
brief requirements

Interview Analysis of Physical
Market 7 Develop .




How Designs Are Developed

Few details
Completely

detailed

Lots of varied design

design ideas

One final design

Time

TA1.2.1 Design (Research Techniques)

Things you need to know:

/Primary or secondary research? \ / \

You should show that you can use both Types of Data

approaches in your work. Quantitative data is measurements. E.g. the

Choose methods based on the information ameuntofimemoryiin'a phonelon thelcapacity of
a battery.

you want to find out.
Qualitative data is opinions, impressions and
points of view. E.g. how comfortable a handle is
or how attractive a bath tap is.

Secondary research must be referenced;
you need to show where you got the
information. Failure to do this may be

{heating. / Sample Size
When we research products, we are usually

comparing them. We might also get information

from more than one person. How many we

compare is the sample size.




TA1.2.1 Design (Research Techniques) Primary research : You do the actual research.
Researchers need to use a range of techniques. Secondary research : Identify and summarise relevant
information that has been compiled by others.

Surveying
users

Physical
analysis of
existing
products

Quantitative
measurements

Secondary

Prima
M research

research

Qualitative

Questioning opinions Drawings
users &
diagrams

9
TA1.2.1 Comparison of Primary Research Methods
How do you know which methods to choose?
Method Type of Data Available Sample Size Example of Use
Physical analysis of products Qualitative information about A few (as many Comparing bike saddles for comfort.
products according to criteria that | examples as you can
Disassembling, examining and testing real life | yoy decide. find). Comparing phone chargers for speed of charging.
products. Usually they are compared using
criteria.
[ Questioning Users Qualitative information about user | A few (as many people Finding user needs for a refrigerator.
8 needs according to criteria that as you can interview).
ﬁ Users are interviewed usually with a pre- you decide. Understanding the impact of someone’s
- prepared set of questions. disability.
@
E
S
a
Surveying Users Quantitative information from lots | Many (as many as will Asking 40 people how much they would pay for a
of people. complete your survey). school bag.
Many users are asked straightforward
questions and the results are then analysed Asking a class about their favourite leisure
e.g. using graphs. activities.

10



TA1.2.1 Comparison of Secondary Research Methods

How do you know which methods to choose?

Secondary Research

Method Type of Data Available Sample Size Example of Use
Web sites Images. Several (as many as you | Finding out what sizes of paper different printers
can find on websites). use.

Finding information you need on the internet
needs care — be clear about what information
you need and watch out for bias.

Opinions (qualitative).
Researching different solutions to bike security.
Reviews (qualitative).

Technical data (quantitative).

Comparisons (quantitative).

Prices (quantitative).

Books & other literature Magazines sometimes have Afew. Gaining opinions about current hair
qualitative reviews of products. straighteners.
Similar to web sites but books tend to be
more accurate if they’re not out of date.
Manuals Maintenance manuals can show One product per Finding out how food mixers work.
how things work and how to repair | manual usually.
Manuals can show you technical details of a them.
product.
Images, Drawings & Diagrams The parts that make up a product. | As many as you can Making judgements about the aesthetic appeal
find. of headphones.

Images can help you judge aesthetic appeal
and might give clues about ease of use etc.

How a product is operated.
Identifying all the parts that make up a power
drill.

TA1.2.1 Anthropometric Data

Measurements of the human body.

11

758

What is anthropometric
data?

Anthropometric data are measurements of human bodies.

How do designers use it?

Designers use anthropometric data to design products that fit the human
body. This is especially important for user-centred and ergonomic design
strategies.

Are averages sizes used?

No human is average in all ways so designers usually create designs that
work for the middle 90% in the variation of sizes.

Where does anthropometric
data come from?

Data tables are available for a huge variety of measurements. Different
tables are available for male and female and different age groups. Better
ones show the range of measurements as well as the average. 12




TA1.2.1 ACCESS FM

A way of remembering criteria with which to evaluate designs, or to include in

a design specification.

Who would buy it?

Issue Quick question Thinking hard for top marks
Aesthetics How nice is it to look at and feel? How could you make another one even
A better?
Cost How much do you think it would sell for? How much profit could be made? Take
C into account the time to make it at about
£6 per hour for your time.
Customer Who would use it? What makes it suitable for that

consumer? How could the design be
improved?

Environment
(sustainability)

How sustainable are the materials?
If it uses power, how much does it use?

Are the materials renewable?
Degradable? Can they be recycled?

Environment (of use)

Where is the product designed to be
used? Is it suitable for use there?

What makes it suitable for use in that
environment?

Safety What have you done to make your How could another one be made safer
S product safe to use? still?
Size How big is it? Is it the optimum size for its purpose?
S Why is that?
Function What does it do? Are there any ways in which it could be
F redesigned to work better?
Materials What are the components made from? Why were these suitable for the product?
M Manufacture How were the components made?

TA1.2.1 Market Research

Market research is the process of collecting information about the market or
what customers want that might help a business to be more successful and

spot gaps in the market.

What would

What do
customers
want?

Market

the target
market be?

How much
should the
product
sell for?

Research

What do
customers
need?

What

met?

What will
the
competition
be?

needs are
not being

13

14



TA1.2.1 Generating design ideas
Exploring ideas for solving the brief.

Uses
inexpensive
materials

3D
techniques

Uses easy
to form
materials

2D
techniques

Show initial
ideas

Exterior Sketching Shon improved Modelling
shape ideas

Think through
solutions

Development
of size

Internal
detail

Develop
ergonomics

Assembly
methods

15

TA1.2.1 The brief and engineering design specification

Before anything is designed, the design engineer needs
to be clear about what is required.

Based on brief
and research

Context

Detailed specific
requirements

Primary &
secondary

Situation

Anthropometrics

Engineering

Design

Research
requirements

design
specification

brief

G(_aneral Market Existing Used tol assess
requirements products designs
Created by

client Agreed between

designer & client

16




TA1.2.2 Make and Evaluate

Towards the end of the design process, the best design(s) are modelled as prototypes.

Modelling is used to test:

Created by Adrien Coguet
from the Noun Project

Function

/Types of modelling

Virtual

‘7 Physical

~

TA1.2.2 Virtual and physical modelling
Modelling on computer or in real life

CAD skills needed

Easy to share
(internet)

Easy to make
changes / versions

Collaborative
working is possible

Only a computer &
software needed

¢

valuation of model

All models or prototypes are

compared with the design
brief and specification.

In iterative design, this leads
to an improved design

which is then modelled.

L
O=—
M=
O=—

Created by Shocho
from the Noun Project

~

17

Requires workshop
facilities

Time consuming

‘Real world’” model
can be handled.

18



RO38 Topic Area 2:
Design Requirements

Unit RO38 Principles of engineering design.

TA2.1 Quantitative and qualitative criteria

Can we measure our findings on a scale?

Quantitative criteria are measurements. E.g. the
amount of memory in a phone or the capacity of a
battery.

Qualitative data are based on opinions, impressions
and points of view. E.g. how comfortable a handle
should be or how attractive a bath tap must be.

See also:
ACCESS FM from TA1

19
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TA2.1 Needs and Wants

Both of these appear in engineering design specifications.

Needs criteria are essential and must be included in a

Created by Vector Portal

TA2.2 Scale of Manufacture

How many copies will be made at once?
Note: Not all manufacturing processes work at all scales!

Q design. E.g. an emergency stop button on a machine.

Wants are criteria that are not essential but desirable.
E.g. 1950s aesthetic styling on a food mixer.

One-off production

Batch production

Mass production

Quantity One Fixed number. High volume.
Typically 20-100 Typically 1000s
Tools used Standard workshop tools. Manufacturing aids: Automated machines.
e Jigs
*  Templates
e Fixtures
Time per copy High Medium Low
Employment Highly skilled. Skilled in limited number of Skilled engineers to set up and
Able to do all tasks processes. maintain machines.
High job satisfaction. Repetitive. Low;‘killetjj;cobs to sm:pply
: : : machines / transpor
Labour intensive. Lower job satisfaction. oroducts,
Setup cost Low Medium High
Cost per copy High Medium Low
Time per copy High Medium Low
Examples Prototype. Garden bench. ‘Phones.
Theatre set. Traffic light. Cars.

21
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TA2.2 Manufacturing Aids
These make batch production:

* More accurate

+ Quicker

* More consistent

* Less reliant on worker skill

TA2.2 Material Availability and Form

Materials are available in standard ‘stock’ forms and sizes.

Polymers and metals have some stock forms in common.
Other materials have their own standard stock forms.

Powder

Pellets

Filament

Guides a tool into the work
without need for marking out
first.

A pattern that is drawn around
to make marking out quicker.

Holds components firmly in
place whilst the worker works on
them.

. v

Created by Marie Van den Broeck
T

Design engineers use stock forms where

possible because:

*  Widely available from different suppliers.

* Less expensive than custom made.

* Available immediately as pre-made.

square

Metals

square

Ingot




TA2.2 Types of manufacturing process

How components can be made.

Wasting Shaping Forming

<

Created by Smalllike

=

Created by Kim Craig
from the Noun Project

Forming a shape
by moulding or
laying up
composites.

Changing shape
by removing
material

Changing shape

TA2.2 Production Costs

Where does the money go?

by deformation.

Joining

Created bv Prettvcons

Permenant or

temporary fixing.

Finishing

A

Ervwnd by aalaraan design
Creating a surface
finish for
technical or
aesthetic reasons.

Assembly

C)

Adding
components
togetherinto a
single product.

Buildings
Sove s
Capital cost
Equipment
s R ehsee
Workers Labour cost

25
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TA2.2 How manufacturing method affects design

Why do designers need to know manufacturing methods?

1. Some processes only suit certain
scales of manufacture. Example:
3D printing is too slow for mass
production and injection
moulding setup is too expensive
and slow for one-off production.

2. Every manufacturing method
and material have limitations
that must be designed for. For
example, walls of vacuum-formed
components cannot be thicker
than the sheet they are made

\

3. The design must work with the
material and manufacturing
method that was chosen.

L

TA2.3 Market Pull and Technological Push

This is to do with why new designs are created.

Driven by
needs.

Existing
needs
identified.

Sold in an
existing
market

Reusable water bottles and
digital cameras were designed
because of market pull.

i @

(&) CAST ALUMINILIM

(b) ACRYLIC

ALL BOXES ARE:-
70 mm x 50 mm % 30 mm
DRILLHOLES @13

INSTRUMENT BOXES FOR ELECTRONIC CIRCUITS

27

Driven by
marketing
new

technology

No existing
need
identified.

Technological
push

Creates new
market.

3D TV and electric scooters
were designed because of
technological push.

o}

28



TA2.3 British and International Standards
Showing that a product is of good quality.

British Standards

Independently tested
and assessed.

Meets the British
Standards Institution's
standards.

These are tougher
than those required
my law.

United Kingdom

Conformity Assessed C n manufacturer.

U K Self-declared by

Meets all relevant UK
legislation.

Conformité
Européene

Self-declared by
manufacturer.

Meets all relevant
European Union
legislation.

TA2.3 Legislation for Health & Safety

Applies to manufacture and also sometimes to a product in use.

Health and Safety at Work etc
Act

Employers must ensure that employees are kept:
*  Kept safe from accidents.

* Health is not affected negatively by their work.

Employees must cooperate and look after each other’s health & safety.

The Management of Health and
Safety at Work Regulations

A standard process called risk assessment must be used to identify hazards and reduce

the risk to an acceptable level.

See separate section.

Is about how potentially dangerous

COSHH Control of Substances Hazardous to Health substances should be labelled, stored
and used.
. - . | i tf | t
RIDDOR Reporting of Injuries, Diseases and > @ requirement for employees to

Dangerous Occurrences

record and report accidents or ‘near
misses’.

29
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TA2.3 Risk Assessment

Identifying risks and reducing them with control measures.

How bad would
The harm that the accident
might occur. be? Remove
source of
- How likely the Likelihood x harm / do not
Potential source harm is to Severity do activity!
of harm happen

Identify Identify Identify Identify Calculate
hazard risk likelihood severity score

Example:

Example:

Example:

Example: Electrocution Example: 4x5=
Bare Likely Death 20 Create a control
electrical 4/5 5/5 measure to

reduce risk to an
acceptable level.

wires

Example:
Regularly check

insulation is
intact.

Risk Assessment — Common Machine Issues

These are common hazards and some ideas for control measures.

Hazard Explanation Typical control measures

Ejection of material. Waste flies from machine towards e Use guard on machine.
face. *  Wear safety glasses.

Entrapment in machine. Hair, clothes or jewellery get caughtin | * Operators to be trained.
machine. e Tie hair up.

e Secure loose clothing.
*  Remove jewellery.
e Keep hands at least 30mm from sanding

surface.
Inhaling dust or fumes. Breathing in dust or fumes and causing | * Use ‘LEV’ extraction.
breathing problems. *  Make sure room is well ventilated.
Trips & slips. Falling into machine by tripping or e Keep operators (yellow) box clear when using
slipping. machine.
e Clear up any spillages.
Falling into machine. Falling into machine therefore causing | ¢  All workshop users to be trained to avoid
one of the above accidents. operator’s box when machine is in use.
Burns Heat from machine (e.g. strip heater) *  Wear heat proof gloves.
burns the body. e Use machine in a designated area.
e All workshop users to be made aware of hot
equipment.

32



Risk Assessment — Common Hand Tool Issues

These are common hazards and some ideas for control measures.

Hazard

Explanation

Typical control measures

Ejection of material.

A part snaps or breaks off
and flies into face.

Do not apply excessive force.
Wear safety glasses.

Slippage resulting in stabbing.

Tool slips and stabs a part of
the body.

Use the correct size tool.

Place tool correctly.

Inspect tool for damage.

Use both hands on tool.

Hold work with vice not ‘other’ hand.

A damaged tool does not work
as expected.

Tool breaks uncontrollably
or slips.

Check tool for damage before use.

Electric shock.

Electrocution from damaged
machine or when
disassembling mains
equipment.

Visually inspect mains cables for damage.
Tape pins of plugs to ensure they cannot be plugged
in before disassembling.

Using incorrect tool or tool size.

Tool more likely to break and
eject material or slip.

Only use a tool for its designed purpose.

Entrapment.

Tool closes (e.g. pliers)
trapping body (e.g. fingers).

Use both hands on tool or keep ‘spare’ hand well
away from tool.

Rough or sharp edges.

Unfinished or disassembled
components can cause cuts
and splinters.

Assess likelihood of injury and consider wearing
gloves, taping over edges, smoothing rough edges.
Do not force the use of a tool as this is likely to cause
slips.

TA2.3 Planned Obsolescence
Designing products that have a deliberately limited life.

* More profit for manufacturers

* More expense for consumers

* More materials used, waste & environmental damage.

/Updated car models

Created by Jens Tarning
from the Noun Project

Definition: Obsolete
Ob-so-leat

No longer of any use

~

/Non-replacable batteries

Created by Komkrit Noen

N

Non-refillable printer
cartridges

The cartridge cannot be refilled so

After a few years, battery capacity

must be thrown away and a new

33

~

one bought with new ink.

o

drops but the owner cannot replace
the battery cheaply so they buy a

new one.

Old model still works well but a
‘facelift’ encourages people to
replace their car.

o

/ /34




TA2.3 Sustainable Design: The 6 ‘R’s

Six ways to create more sustainable design.

The biggest impacts are in reducing consumption and waste.

Quick question

Example

Transport groceries by cargo bike rather than van.

Reuse
already?

Rethink ‘ Can we do things a different way to be more
@ sustainable?
s
Qs
B

Can we reuse a component or product that exists Reusing tyres as play equipment.

Created by Draftphic

Recycle “ Can we recycle the materials in a waste product? Recycling cans into stock steel sheet.
%

Repair '\ Can we repair an existing product? Replacing the screen on a ‘phone.

2

'\ Can we design a product to be repaired?
Reduce - Can we reduce the amount of materials we use? Making components hollow.

[ ) Can we reduce the quantity or energy that we use? Designing lights that are not brighter than needed.
Refuse Can we refuse to use the product or component Packaging toothpaste without an outer box.

completely/?

TA2.3 Some Sustainability Words

Things you need to know:

Sustainability

Consumption of materials and power is said
to be sustainable if we can continue to use it
at the current rate without it ever running
out or causing pollution etc.

Using fuel usually creates pollution.

Renewable

A material or energy source that naturally
replenishes (comes back).

Example: Solar power or timber.

Reusable
A product that can be used many times.

Example: A reusable water bottle.

35

Circular Economy

In a circular economy, products, components and
materials are reused and recycled instead of being
thrown away

D
O
&
o
S
@

Consumption

Processing

Extraction Disposal




RO38 Topic Area 3:

ommunicating
esign outcomes

Unit RO38 Principles of engineering design.

TA3.1 Types of drawing
used in engineering

Engineers use many types of drawing
styles

Freehand sketching

An informal style used to communicate
ideas quickly.

Isometric

A formal 3D style drawing.

Horizontal edges are drawn at 30° from
the horizontal.

S\
2

Assembly Drawings

Drawings that show all components
assembled together.

37

Oblique

Another 3D style that is less realistic that
isometric.

Exploded views

A type of assembly drawings that shows
space between parts.




Perspective

Even more realistic than isometric drawing. The side of the object closer to the viewer is shown larger. This

example is two-point perspective

/ Orthographic drawing \

A formal style of 2D drawing usually
used to show dimensions. Drawn to
scale.

/ Block diagrams \

A diagram of a system showing how
stages relate to each other.

Charging Wireless Headphones

UsB
Power

240V
mains

Internal

adaptor SRtlery

\_ /

/ Circuit Diagram

Used to show how electronic
components are connected in a circuit.

39

/ Flowcharts \

Used to show a decision making process.

K Created by Lima Studio/

N O

Wiring Diagram

Shows how connections should be made
within larger electrical systems.

40




TA3.1 Feedback & Block Diagrams

Sometimes block diagrams are used to show control
system that use feedback.

Feedback is when a system measures the effect that an
output is having using sensors.

TA3.1 Flowchart Symbols

Flowcharts are created using standard symbols.
Symbols are connected with arrows.

A simple system diagram

Process Output

Input |

A closed loop system diagram.

Input Process

: ’ Output

| Feedback |

In a closed loop system, the effect of the output is measured
by an input and the output adjusted accordingly.

41

< > Start or stop

Process

Input or output

Decision

42



TA3.1 Flowchart Example

Flowcharts are created using standard symbols.

Symbols are connected with arrows.

TA3.2 Basics of Orthographic Projection

Hidden detail
lines

~

Start. )

A 4

Read /

temperature. /‘

Less than

20°C
No Yes

/

Turn heater Turn heater
off. on.

/

Wait 5 minutes.

outlines

S
g

Centre lines

43
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TA3.2 Orthographic line types

Outline
Hiddenldetai B> =m cmuem: om o=y mm omcemom miemem o o
. - - - . Centre lines
(%O
Q,
/'/.
//7@
%, o Continuous thick lines are used for:
Q ~ 3
'7%0 X e Outlines
X * Visible edges
c Continuous thin lines are used for:
o . .
- * Dimension arrows

e Leader lines
* Projection lines

45

TA3.2 Dimension lines

150

Getting dimension lines correct

Leader lines should not touch the component.
Arrows should have solid heads.

Arrow heads should touch the leader lines.

P wNhR

Dimension is written centrally and above the line.

46



TA3.2 Tolerance basics

It is not possible to manufacture a component with complete
accuracy.

Specifying a tolerance tells the manufacturer the maximum permitted
variation from the nominal dimension.

%
%,
%
%
%
‘&
@ 11.5 +
§
& < s
N S -
D NN
N \Q,
F 2

3.2 Standard tolerance in the title block

Sometimes, standard tolerancing is used on a drawing.
These are used to alongside the dimension lines.

N ERANSING | SeaLe| size
08,0
0080 = 1:1T7A4
angular

3rd ANGLE PROJECTION

In this example, the feature
would be acceptable if it
were between 11.2 and
11.8.

In this example:

If no decimal places are shown on the
dimension line then the tolerance is plus
or minus 0.2

If one decimal place are shown on the
dimension line then the tolerance is plus
or minus 0.1

If two decimal places are shown on the
dimension line then the tolerance is plus
or minus 0.05

DOWNOT SCALE

angular

TOLERANCING
00 =+0.2
00.0 =+0.1
00.00 = £0.05

47
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TA3.2 Tolerance: Even more ways of showing it!

16 min. N

8 max. %,

24

0.1

15%

49

TA3.2 Standard Units

Engineers use standard units.
British Standards units are shown on this page.

Distance
Distance is measures in metres and millimetres.
«—> There are 1000 millimetres in a metre
Millimetres are abbreviated to mm.
L] L] Metres are abbreviated to m

Engineers do not use centimetres.

Angles

Angles is measures in degrees and minutes.
There are 360 degrees in a rotation.

There are 60 minutes in a degree.

Degrees are shown with a degrees symbol.

Crented by Al Minutes are indicated by an apostrophe.
from the Noun Project

Example:15 degrees and 30 minutes would be shown as 15° 30’

50



TA3.2 Abbreviations

These abbreviations are standard in engineering drawings

Width Across
Flats
A/F Across flats
CL Centre line
@ or DIA Diameter
DRG Drawing
MATL Material
SQ Square

TA3.2 Representations of mechanical features

There are conventions in how certain features are shown. Chamfer and holes

Showing knurling

bbb bbb Y\o\e (/

Straight Knurling Diamond Knurling




TA3.2 Representations of mechanical features

There are conventions in how certain features are shown.

Simplified representation of screw

threads

Chamfer

| {

Minor @  Major @

—

T

External thread

e

//“/‘//‘I/t‘n‘gﬂ1

Internal thread

TA3.2 Surface Finish

Components can have many surface finishes. These can be specified in the

orthographic drawing. The basics are shown here:

a) any manufacturing
process permitted

b) material shall be removed

Showing & dimensioning counterbores and
countersinks (e.g. for a machine screw)

Counterbore

Counterbore
i symbol

Dr Il
lellﬂt'[e[

@10,
L_Ig@20
¥ / 2 Y15, w | Counterbore

4 diameter

| i ) - = H —

Counterbore

- depth
L _J

— 22 Through
040,32 x 90°

Countersink

c) material shall not be removed
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TA3.2 A Title Block is shown on engineering drawings

The title block is the bit within the green border. Data in red is example only.

Title block example

/

Title: | Desk lamp base Date: | 19/1/23 | Drawn by: | P Miles
Scale: | 1:1 Version: | 3 Tolerance: | + 0.2 unless stated
otherwise

All dimensions in millimetres l::

\S

TA3.3 CAD vs manual drawing techniques

Can export

Training

needed in

using
software

data to
CAM

Can work
collaborativ
ely online

software

Costly

Requires
understanding
of drawing
layout

Creates
standard
drawings

Requires
understanding
of design

Easy to
make
changes

Good for

learning
about

projections

Good way to
start learning
technical
drawing.
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TA3.3 Basic CAD modelling tools

A drawing from which a 3D shape is made.

l,f+ Sketch
Makes a 2D sketch 3D.
Extrude
Rounds corners.
Fillet
Moves or copies.
Move / Copy
/ Hollow out.
' | Shell
= Join components together
g
q Assemble

RO38 Topic Area 4.

Evaluating design

ideas

Unit RO38 Principles of engineering design.

57
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TA4.1 Methods of evaluating
design ideas

Production of Models

Create a model of the design.

How to judge designs

y |

Ranking matrixes

Create a table and compare designs by
scoring them.

Example Ranking Matrix

=S (0|00 |~ [0y | 0| P |

A

Aesthetics

Cost

Consumer

Environment of use
Environment (sustainability)
Size

Safety

Functions

Materials

Mean average:

Qualitative comparison with design
brief and specification

Judge the design against the original

objectives.
O—
M—
O—

Quality Function Deployment (QFD)

A standard method of assessing
customer needs and comparing them
with products.

={T
=

Created bv Ben Davis

B C D

Fairphone Galaxy X- Doogee
V4 Cover5 S6

3 4 4

2 3 4

4 4 5

3 5 5

5 2 2

4 3 4

3 4 4

3 3 4

5 3 3

3.6 3.4 3.9
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R040 TA1: Product Evaluation — Ranking matrixes

Engineers can collate results of scoring in a matrix like this to
make it easier to make comparisons.

[

You will need to use ACCESS FM
from topic 1.2.1 of RO38

J

Design 1 Design 2 Design 3 Design 4
Aesthetics 5 1 5 2
Cost (Value for money) 4 5 1 3
Consumer suitability 2 1 4 2
Environment suitability 1 1 4 5
Safety 3 2 3 2
Size suitability 3 2 4 1
Functions 2 1 5 4
Material suitability 4 2 3 4
Total: 24 15 29 23

This is a standard method of recording
what a customer might want from a product
and to see which existing products best
meet those needs.

Quality Function Deployment (QFD)
example “House of Quality”.

Correlations\ + +‘+
) . + 6 4+ G+
It also helps engineers clarify what the & 3.4 &
requirements are. ;
“l (e g <
<2l-[2|88|2|e| |E
v (TR =l = Y =
& g c|= 2 g ] § g Impt;c:\ézgent Competitor
é?,g‘ﬁ'ﬁﬁegga scores
21S|s g ARl g8
Customer 5|8 A A A
prion’ty\ S|l |w|O|u|vn|e|Y
SIS 1 2 3 4 5
Size 1|®® AAIAIO | B|C
Lightweight 2O Ol® C BTA
£ |Easytouse 4| O] |® B |c| LA g
§ Reliable 3 ®|®I0O ® AJTC|B g
E Low cost 4 @@ |AAIO|O C B|
= | Big touchscreen 4 (AIAIA|IA ® cle| &
§ | Long battery life 3 (O0®® |O® B c| &
g ho— e 5
S | High-quality camera 5 ®| O® A C 8l O
Environmentally friendly [4 | [O|O ® B CTA
Importance rating ——— | 28[154{106/ 91|47 11 [109/69
Importance weighting % ——| 5 [25[17[15[ 8 | 2 [1811

Technical assessment

61

Correlations:

++ Strong positive
+ Positive

— Negative

— — Strong negative

Relationships:
(s) Strongest=9
(O Medium =3
/N Weak =1
No assignment = 0

Competitors:
A Phone A (*)
B Phone B
C Phone C
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QFD Step 1

QFD Step 2

Add the customer requirements and priority.

In the example, these are size, lightweight,
easy to use, reliability, low cost, big

touchscreen, and so on.

Each one has a priority from 1 (least
important) to 5 (most important) assigned to
it. These have been determined using primary

and secondary customer research.

List the technical requirements for the
product. For the phone, these are volume,
production cost, expected life, operating
software, camera resolution, and so on. Try to
use requirements that can be measured, such
as volume in mm3 and production cost in £.
However, not all of them need to be

measured.

63

QFD Step 3

QFD Step 4

Add improvement target arrows to the
technical requirements. For example, it is
desirable for the product to have a lower
production cost (down arrow), but the
resolution of the camera should be higher (up

arrow).

Complete the centre grid to assign the
relationship of the customer requirements to
technical requirements. You will see that three
different relationship symbols (circles and a
triangle) are used, worth 1 point, 3 points or 9
points. As an example, if a customer wants a
low-cost phone then this will affect the
production cost, so the '9' symbol is placed in
the box where they meet as there is a strong
relationship. The big touchscreen is only
weakly related to the operating software so a
'"1' symbol is used. Where they are not related,
it is left blank.
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QFD Step 5a

QFD Step 5b

The next step is to calculate the importance
ratings and importance weights along the
bottom. The customer priorities and
relationship symbol values are used to
calculate the final rating values.

This is a little trickier to do, so here is the first
column (volume mm3) with four relationship

symbols done in full.

All the other columns are completed in the
same way.

To work out the percentage, divide this total
by the total of all the importance ratings:

28+ (28 + 154 + 106 +91 +47 +11 + 109 +69) =
28 =615=5%

Customer Customer | Relationship | Score

requirements | priority symbol

Size 1 ® 1%x3=9
=9

Lightweight 2 @) 2x3=6
=52

Big 4 JAN hx1=4

touchscreen =

Long battery |3 O 3x3=9

life i

Total: 28

65

QFD Step 6

QFD Step 7 (Last one)

Complete the roof of the house, which is
called the correlation matrix. Here + and -
symbols are used to indicate the strength of
the link between each of the technical
requirements. In our example, there is a
strong positive link between the volume
(mm3) of the phone and the area of the glass
screen (mm?2) so a '++' is entered where they
meet (shown by the red dashed lines). The
battery capacity has no impact on the screen
size, so --' is entered where these two meet.
Several of the others have been entered into

the matrix.

The final step is to complete the competitor
assessment matrix on the right. In our
example, the main QFD matrix is for phone A,
and this has been compared against
competitors' phones B and C using a scale of 1
(worst) to 5 (best) against each of the
customer requirements. A solid red line shows

how phone A performs.
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TA4.2 Modelling Methods

Ways of producing a design idea so that it
can be evaluated.

Breadboarding

Creating an electronic circuit on a
generic circuit board.

v’ Circuit is functionally accurate.

x Much bigger than specialist printed
circuit board.

Virtual 3D CAD model

v’ Requires no specialist tools or
facilities.

v’ Easy to make changes.
v' CAD can help make design decisions.

% Cannot be handled.

3D printing

Produces a model directly from CAD
data.

v’ Others specialist tools not needed.

x May not be as strong as designed
component.

X Limitations in surface finish & texture.

TA3.3 Equipment for Physical Modelling

Card Modelling
v’ Inexpensive.
v’ Quick.

v’ Great for checking scale &
ergonomics.

% Not functional.

Block Modelling

Non-functional but visually accurate
model. Made of foam, timber, clay etc.

v’ Good for showing a client.

v’ Good for testing aesthetics &
ergonomics.

v" Promotional photographs.

% Not functional ‘
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Image Name Function Materials Safety
See also table below / See also table below / overleaf
overleaf
7 Tenon saw. Straight cuts. Timber. Hold work firmly with bench hook, vice or ¢l |, (¢t~
- (_\:“\\ Modelling foam. avoid slipping and injury.
@ tmans, \\.\ 2 Keep hands behind or to side of blade.
: Coping Saw. Curved cuts. Timber. Hold work firmly with vice or clamp to avoid
o Modelling foam. slipping and injury,
¥ Keep hands behind or to side of blade.
.I-n"’
—— Craft knife. Cutting thin sheet. Think sheet paper, card Extra training needed.
A--...-. = Trimming thin waste. or plastics. Use safety ruler for cutting sheet.

3D printed models.

Cut away from body.
Return immediately after use.

68




TA3.3 Equipment for Physical Modelling

Image Name Function Materials Safety
See also table below / See also table below / overleaf
overleaf
P——— Vice. Holding work firmly. All rigid materials: Reduces risk by avoiding slippage.
- *  Timber.
*  Modelling foam.
*  Plastics.
*  Metals.
m Rasps and files. | Removing small amounts Clamp work where possible and use both hands.
of material. This is more effective and prevents accidents
caused by slippage.
Remove burrs and splinters as soon as possible to
prevent cuts to skin.
Power sander. Removing small amounts LEV extraction must be on to remove dust /
of material. preventing inhalation.
{ Levelling a surface. Tie up hair and loose clothing to avoid entrapment.
pre Keep fingers at least 40mm from abrasive to avoid
injury to skin.
Abrasive paper. | Refining a finish by making When using very fine abrasive, use LEV dust
it progressively smoother. extraction or water to prevent inhalation of dust.
69
TA3.3 Equipment for Physical Modelling
Image Name Function Materials Safety
See also table below / See also table below / overleaf
overleaf
3D printer. Building a 3D model. PLA. Ensure appropriate ventilation. This is especially
ABS. important with ABS. Prevents inhalation of fumes.
Training needed to know which parts are hot. Avoid
touching these to prevent burns to skin.
Laser Cutter. Cutting sheet material Plywood 8mm or less. LEV extraction must be on to prevent inhalation of
accurately. Acrylic sheet. fumes.
Paper. Do not lift lid for 30 seconds after machine has
Card. completed for same reason.

Ensure safety interlock is working on machine to
prevent laser burns to skin.

Spray booth.

Allowing safe application of
sprayed finishes.

All spray finishes and
adhesives.

Ensure LEV extraction is on to avoid inhaling fumes
& droplets.

Ensure work is completely within booth when using.
Clear spray can after use in the booth.

Use respirator mask for additional protection.
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TA3.3 Materials for Physical Modelling

Can be cut with hot wire cutter
(additional safety issues).

Name Suitable for Limitations Safety Issues

Rigid polystyrene foam. Curved surfaces. Can only achieve limited detail. | Polystyrene is safter than the
Making 3D shapes quickly by Structurally weak. alternative (polyurethane) but
hand. precautions are still needed:

Small particles of waste
('sawdust’) could be inhaled so
LEV extraction and respirators
should be used with fine
abrasives.

LEV extraction needed for hot
wire cutting due to fumes.

TA3.3 Materials for Physical Modelling

! Balsa timber. 3D bodies. Dents easily. See equipment safety when
\ Low density structures. Weak. cutting / abrading.
— '_ East to shape by hand.
'-.‘N\‘

Pine timber. 3D bodies. Somewhat harder to work by
Stronger and more resilient hand than balsa.
than balsa,
Inexpensive.

PVA wood glue. Bonding timber. Only bonds timber to timber. None.

71

Epoxy resin glue.

Bonds different materials
strongly.

Messy and smelly.

Use in well ventilated room.

Laser plywood. Accurately made 2D shapes Works best with 4mm plywood. | See equipment safety when
with depth. Can only cut out or engrave in | cutting / abrading.
20.
Laser acrylic sheet. Can only cut out or engrave in | Take care not to shatter as
2D. pieces can be sharp. Clear away
any broken material
immediately.
PLA filament. 3D printing. Resulting model softens easily | Use in well ventilated space.
Extruded at about 200% with heat.
Low fumes.
Bioplastic so sustainable.
ABS filament. 3D printing. Produces small amounts of Use in very well-ventilated
Extruded at about 250% toxic fumes when extruded. space or with LEV extraction.
Tougher than ABS.
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TA3.3 Materials for Physical Modell

ing

Polyester filler.

Filling blemishes in rigid
materials.

Can be smoothed with
abrasives when set.

Sets very quickly.

Produces fumes when curing so
LEV extraction is needed.

Can irritate hands when in use
so gloves are needed,

Can produce very fine dust
when 'sanded’ so should be
smoothed with water or LEV
ventilation.

Wood filler (water based).

Filling blemishes in wood.

Takes longer to set than
polyester filler.

As with abrading timber.

Filler primer (spray).

Filling small scratches.

Must be sanded back after
application.

Only works on scratch-sized
blemishes.

Plastic primer (spray).

Allowing topcoat to stick to
plastics.

The clear variety is hard to see
when applying.

Topcoat (spray).

Providing colour and matt /
gloss / metallic finish.

Drips and runs are common if
not applied in light coats.

Ensure LEV extraction is on to
avoid inhaling fumes &
droplets.

Ensure work is completely
within booth when using.
Clear spray can after use in the
booth.

Use respirator mask for
additional protection.

Keep away from flames and
sparks as solvent is very
flammable.

TA4.3 Methods of evaluating a
design outcome

Ways of measuring the success of a design.

/ Measuring dimensions and \

functionality.

Measuring sizes and how well it
functions.

v' Objective judgements.
v’ Quantifiable.

% Relies on an accurate understanding
of what is really required.

% Cannot measure qualitative issues
e.g. aesthetics or comfort.

4
’
.

(asansssas

\Created by Becris

/

-

Asking users to test the design and to

o
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Why evaluate a design outcome?

* To demonstrate that the brief and design specification
have been met.

* To compare alternative designs.

* To identify ways in which the design could be improved.

~

/

User testing

give their feedback.

v' Judged against what user actually

wants.

v Good for qualitative judgements e.g.

aesthetics or comfort.
% Time consuming.

% People’s opinions differ.

)

Created by Gregor Cresnar
from the Noun Project

~

/

Judge the design against the original
objectives using data.

v’ Comparisons can be shown clearly.
v’ Success or failure can be judged.

% Difficult to include qualitative
judgements.

Gantitative comparison with design\

brief and specification

0RO
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TA4.3 Measuring Tools

Measurements are needed for marking out material and for quality control.

Here are some common ones:

ngineer’s Rule

* More accurate than plastic
rulers.

¢ Made of metal.

¢ Scale starts with zero on the
end of the rule.

K Divided into Imm or A mm /

TA4.3 Measuring Tools /

Measurements are needed for marking out material and for quality control.
Here are some common ones:

Measuring Caliper
* Accurate to 0.01mm

¢ Can measure inside and
outside measurements.

* Can measure depth.

o

INTERNAL

METRIC/INCH LOCKING
( ANS —  BUTTON SCREW
g
. : {
—> " rd LCD DISPLAY SCALE
. e ) /
RERCITH el T THIT T T TR

11

7

'\
POWER ~ ZERO
ON/OFF  SETTING

o

\ (
I

EXTERNAL

JAWS

DEPTH MEASURING
BLADE
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TA4.3 Measuring Tools

. . _ Micrometer
Measurements are needed for marking out material and for quality control.

Here are some common ones:

* Accurate to 0.01mm

* Can measure outside
dimensions.

\

Sleeve

Spindle Thimble
Anvil (fixed side) £ ¥

o= i 35
Measuring surface | if’ }
(carbide tipped) £

[ 30
(I_W\Key-span ner

Frame

Thermal protection cover

Unit RO39:

Communicating designs

Coursework.

Worth 30% of your final grade.
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RO39 Tasks

Details of this task change every year but here is a summary of the main stages of
your project:

l_f Task 1 Create sketches of varied design ideas to meet a brief.

!5 Task 2 Develop one design idea with sketches and annotation.

DE Task 3 Create standard engineering design drawings of the chosen design.

X
@ f Tl Task 4 Model the design in CAD software (computer aided design)

79
R039 TA1: Manual production of freehand
sketches
You need to show a variety of sketching skills in your work.
ar:;tterfeb“oﬂ:‘%;:j:‘é: s fCrl;erztteﬁebm)]::r.\, '!"’ajglct: Bravo
Cube Rectangular Cylinder Hollow Compound

block object shape

D & E

Created by ProSymbols Created by ProSymbols
- T - Created by ProSymbols

Created by Juan Pablo Bravo
Created by ProSymbols from the Noun Project
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Crating

We construct an ‘crate’ to draw
inside.

The finished drawing will also be
3D.

First we need to be able to

sketch a cuboid in the isometric
style.

How to draw a cylinder

It is really helpful to be able to draw curves within the crate. This
will show you how to do that.

The lines of the cuboid crate are called construction lines
because they will help you construct the drawing. They should
be done really lightly.

Try drawing this as lightly as possible in pencil. Start with a
cuboid. New lines are shown in black:

Now dank 61 \ Kefﬂl.r"na! lines in
pencil or in non-smudging pen.

Drawing a cuboid

A cuboid is a cube or a rectangular cube.
Guidance
«  All vertical edges are drawn with a vertical line.

+ Al horizontal edges are drawn at about 30° from
horizontal.

«  The vertical and horizontal lines should be parallel to each
other.

Try drawing this:

How did that work
out? If it was
disappointing, practice
drawing parallel lines
at 30° from horizontal
and try again:
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Rendering with shade

This is best in coloured pencil but ordinary pencil will do for now.

Using the same
colour but
different shades
for a 3D effect.

Leave light
stripes for a gloss
(shiny) effect.
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Drawing a sharpener / eraser

This exercise will help you to bring the skills together.
Remember to draw as lightly as possible in pencil to start with.

83

R039 TA1: Manual production of freehand
sketches

You need to show a variety of rendering skills in your work.

Concrete
texture

Matt colour

Gloss / metallic

Transparent Timber texture
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R039 TA1: Annotation & labelling

You need to include these with your drawings.

Label Statement of fact e.g. “Polycarbonate”
¢ . Explanation of the designer's thinking e.g.
Ann n . ”
)D otatio “Tough and transparent to let light through”.
Explain features which are particularly important
@? Key features | . prair ; yAmp
including those that meet stated requirements.
Materials What it will be made from
> . . Sizes of main components and of those which
Dimensions N .
must fit with something else.

R039 TA1: Labelling & annotation

Here is an example of what labelling and annotation can look like:

Lamp folds down to create

a minimalist aesthetic.

@
Paint or varnish coat

provides a protective layer
to improve durability.

A
Sturdy base makes the
lamp freestanding,

'S»La»&ar(j K pfug

250mmy

pMoans ]Ct-d.nr@f -

which adheres to the
design specification.

Small base — takes up
s space a the desk

Key

@ Label:

85

Statement of fact

@ Annotation: Explaining

LED light produces suf'ficieQ

light to enable student to work
effectively at all times.

production

Can be made using a band saw and a belt
sander, though this lamp would be difficult

to manufacture using batch or mass @

Sustainable and cheap
materials minimise
manufacturing costs whilst
providing good aesthetics.

"5 brghtness lurels
on/n:,g, fraved
Sqvidch | Meets the design
specification.

@
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R039 TA2: Manual production of Engineering
drawings

Engineers use a variety of styles of drawings which can be
produced by hand.

You will also need to produce:

@ Assembly instructions.

Sectional View

Most of the drawing styles

87

EHE Part lists. . .
anies you need are in topic 3.1
e of R038
R039 TA2: Parts list
A parts list can typically be laid out like this:
Part Part name Quantity Standard or Material Manufacturing
number needed specialist method
component (non-standard
only)
1 Upper body shell 1 Specialist Polypropylene | Injection
moulded
2 Lower body shell 1 Specialist Polypropylene | Injection
moulded
3 Self-tapping screw 20 x4 mm | 5 Standard Steel N/A
4 PP3 battery clip 1 Standard Copper, steel N/A
5
6
7
8
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RO39 Task 1: Mark Scheme

Topic Area 1: Manual production of freehand sketches

cre

uuuuuuuuuuuu n
o the Noun Projece.

MB1: 1-4 marks

MB2: 5-8 marks

MB3: 9-12 marks

Produces a limited range
of creative freehand design
proposals.

Limited consideration of the
design specification.

Uses a basic range of
techniques.

Produces an adequate range
of creative freehand design
proposals.

Partial consideration of the
design specification.

Uses an adequate range of
techniques.

Produces a wide range
of creative and innovative
freehand design proposals.

Fully considers the design
specification.

Uses a comprehensive range
of techniques.

MB1: 1-2 marks

MB2: 3-4 marks

MB3: 5-6 marks

Evidence of analysis of
design proposals with limited
annotation.

Justification demonstrates
limited understanding of needs
and wants of the client/user.

Evidence of analysis of
design proposals, with some
annotation.

Justification demonstrating
some understanding of needs
and wants of the client/user.

Extensive evidence of analysis
of design proposals that are
fully annotated.

Justification demonstrating

a detailed understanding of
needs and wants of the client/
user.

If your work does not meet Mark Band 1 criteria, you will be awarded zero marks for this task.

R0O39 Task 1: Example

Good because:

v’ Accurately Drawn

v’ Varied ideas

v’ Variety of styles

v" Shade, tone & texture

v’ Labels (fact)

v Annotation (explanations)

DG-Stgt') !

Also needs
v More ideas on other pages.

b"’j‘fa’ 1o B
abhay fealier to ﬁ’
Seony. lowtmns

Wﬁ? (1] 'm& ot
ded‘:’e hancley 4o

Sud; E.mm

mMoFe mpomrir-

89

nol end presc
loig Sy e .
v viien DCS"S“ 2
wnpctired ;wmvu o
e POTAY
erpie q@ﬂ-—-()‘r 32’ l %k
mﬁ Luah bamns
o spress
Eﬂgou oI & i

Sav\'\pu, omiing
mvpa
mwawu msmm

X.

e
P"‘“}M“i‘. [B¥iad

numbes Barens
/ X a0 butien
Aneaidid
i print on whitt : j
hk:::h w0 be et f0 Hpwma ]-Lm’hc
r
Cuyyed olhd
noow for
‘éﬂmuﬁe« Lompraole
TR p— “rgoreenc
lov twe AR looRemes oy ndmcal
¥
qengrm biogle pant gn wwu
J hM-rmf ke be oy

o vead

| oflic

o

¥ ot
2o o 'y
meths W pacte

)

90



RO39 Task 2: Mark Scheme

Topic Area 1: Manual production of freehand sketches — Design Development

MB1: 1-4 marks MB2: 5-8 marks MB3: 9-12 marks
Produces a basic freehand Produces adequate freehand Produces comprehensive
sketch of design proposal. sketches of design proposal. freehand sketches of design

proposal.
Brief explanation of the key Adequate explanation of Detailed explanation of the key
features of a design proposal the key features of a design features of a design proposal
with limited annotation. proposal with some annotation. | that is fully annotated.
Limited consideration of the Some consideration of the Fully considers the design
design specification. design specification. specification.

If your work does not meet Mark Band 1 criteria, you will be awarded zero marks for this task.

RO39 Task 2: Example
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Good because: Also needs
v" More detailed version of design from Task 1 v More variations.
v Changes to make it better (explained) v’ Variety of drawing styles
v’ Accurately Drawn
v’ Shade, tone & texture Colour an small huttans ta
v’ Labels i’:ﬁ.f'lf.&":?i."i.i":f

. buttons given to be easily
/ An nOtatlon Overall remaote length being 3 Macleg%ds: play, fast Remote back changed

around 152 mim, and width being 35.4 forward, rewind, pause and Er":":a“:t:‘:;‘:'“" rest

around 35.4 mm, fitting maximum
width of 80mm and suiting
the 5% percentile’s grip diameter
of 50mm but can be also used by
the 95% percentile, with a larger
grip of 85mm 46
it

stop

Plastic is dome-
shaped to be easily
moulded (draft angle)

and providds .
the grip

Seam line that
connects the
two parts

Colour changed tofita
wider demographic,
brightly coloured and
curved shape tobe
aesthetically pleasing Number buttons Rubber buttons that grip

maore, preventing slipping

Battery

compartment for

two AA batteries,

with a grip to be 92
easily slid off



RO39 Task 3: Mark Scheme

of RO38

Most of the drawing styles
you need are in topic 3.1

Topic Area 2: Manual production of engineering drawings

Greated by saTS
from the Noun Project

MB1: 1-4 marks

MB2: 5-8 marks

MB3: 9-12 marks

Produces a basic orthographic
drawing.

Produces an assembly drawing
that is limited in detail.

Production of drawings is
dependent upon assistance or
help from other sources.

Produces an adequate and
accurate orthographic drawing.

Produces an assembly drawing
with some detail.

Drawings are produced with
some assistance or help from
other sources.

Produces a comprehensive
orthographic drawing.

Produces a fully detailed

assembly drawing.

Drawings are produced

independently.

If your work does not meet Mark Band 1 criteria, you will be awarded zero marks for this task.

RO39 Task 3: Example

Good because:

v’ Accurately constructed
v’ Linear dimensions.

v’ Spacing dimensions.
v’ Variety of line styles.

v’ Title block.

Also needs

|76 mm

v’ Follows standards

3.1 Types of drawing used in engineering

v Radius / diameter dimensions.
v’ Visible construction lines.
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RO39 Task 4: Mark Scheme

Topic Area 3: Use of Computer Aided Design (CAD)

i Al
=4

SR

MB1: 1-6 marks

MB2: 7-12 marks

MB3: 13—-18 marks

Use of CAD to produce a
proposal.

consisting of a very limite
number of components.

Production of a 3D virtual

sources.

simple model of the design

A simple 3D virtual model

d

model is dependent upon
assistance or help from other

Use of CAD to produce an
adequate model of the design
proposal.

An adequate 3D virtual
model consisting of some

components.

Production of 3D virtual
model is produced with some
assistance or help from other
sources.

Use of CAD to produce a
complex model of the design
proposal.

A detailed 3D virtual
model consisting of many
components.

3D virtual models are produced
independently.

If your work does not meet Mark Band 1 criteria, you will be awarded zero marks for this task.

Useful information in topic 3.1 of RO38

RO39 Task 4: Example of software use

top shel case:t

key pod (1)1

batiom shed case 1

Mapep CDEHED®E S,

i@ R039 remote. v10

PLASTIC UTLTES

¥ BOMSPEHS ® A
MODFY *

ASSEUBLE »

-89 ¢ Q-§-05 8-

FE® SO0+ %8 86 6% x,T

CONSTRUCT =
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Good because:

v Shows software being used.
v Shows timeline at bottom.
v' Shows components on right.
v Not cropped too far.

v" Complexity of virtual model.

96




R0O39 Task 4: Example of exploded view

Good because:
v" Clear view.

v' Components are labelled.

v Not cropped too far.
v’ Border visible.

RO39 Task 4: Renders Good because:
v’ Perspective view.

v’ Interesting angle.
v" Photo-realistic render.
v' Materials chosen.

Also needs
v’ Different angles.
v’ Variety of materials.

97

98



Design, evaluation and modelling

Unit RO40:

Coursework.

Worth 30% of your final grade.

R0O40 Tasks

Details of this task change
every year but here is a
summary of the main
stages of your project:

Analyse & compare existing

lesiedl products.
% |
O Task 2 Disassemble a product.
x
o 7 il AT Cr.eatce a CAD.modeI from an
existing drawing.
g
P |
= Task 4 Plan production of a prototype.
@ Task 5 Make the prototype
u_
E’— Task 6 Evaluate the prototype.
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R0O40 Task 1: Mark Scheme

Topic Area 1.1: Product Evaluation - Product Analysis

MB1: 1-3 marks

MB2: 4-6 marks

MB3: 7-9 marks

Produces a basic product
analysis of the key features of
products using ACCESS FM.

Provides a basic description of
the strengths and weaknesses
of existing products.

Basic use of an engineering

Produces an adequate product
analysis of the key features of
products using ACCESS FM.

Provides an adequate
description of the strengths
and weaknesses of existing
products.

Appropriate use of an

Produces a comprehensive
product analysis of the key
features of products using
ACCESS FM.

Provides a comprehensive
description of the strengths
and weaknesses of existing
products.

Effective use of an

matrix.

engineering matrix.

engineering matrix.

If your work does not meet Mark Band 1 criteria, you will be awarded zero marks for this task.

TA1.2.1 ACCESS FM

A way of remembering criteria with which to evaluate designs, or to include in

a design specification.

Who would buy it?

Issue Quick question Thinking hard for top marks
Aesthetics How nice is it to look at and feel? How could you make another one even
A better?
Cost How much do you think it would sell How much profit could be made? Take
C for? into account the time to make it at about
£6 per hour for your time.
Consumer Who would use it? What makes it suitable for that

consumer? How could the design be
improved?

Environment
(sustainability)

How sustainable are the materials?

If it uses power, how much does it
use?

Are the materials renewable?
Degradable? Can they be recycled?

Environment (of use)

Where is the product designed to be
used? Is it suitable for use there?

What makes it suitable for use in that
environment?

How were they made?

Safety What have you done to make your How could another one be made safer
S product safe to use? still?

Size How big is it? Is it the optimum size for its purpose?
S Why is that?

Function What does it do? Are there any ways in which it could be

F redesigned to work better?

Materials & What are the parts made from? Why were these suitable for the project?

M Manufacture
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R0O40 Task 2: Mark Scheme

Topic Area 1.2: Product Evaluation — Product Disassembly

MB1: 1-3 marks MB2: 4-6 marks MB3: 7-9 marks
Disassembly of a product is Disassembly of a product Disassembly of a product is
dependent upon assistance or | is carried out with some carried out independently.
help from other sources. assistance or help from other

sources.
Limited understanding of Adequate understanding of Clear understanding of
potential hazards and safety potential hazards and safety potential hazards and safety
considerations when using considerations when using considerations when using
tools and equipment. tools and equipment. tools and equipment.
Produces a limited analysis Produces an adequate Produces a comprehensive
of the components, materials, analysis of the components, analysis of the components,
production methods, assembly, | materials, production methods, | materials, production methods,
and manufacturing methods assembly, and manufacturing assembly, and manufacturing
used in an engineered product. | methods used in an engineered | methods used in an engineered

product. product.

103

R040 TA1.2: Carry out product disassembly — Common assembly methods

These are ways in which components are commonly assembled.

o % Temporary fixings

% Permanent fixings

\@‘ Adhesives

D
QB' Welds

av Push / snap fit / Clips

104



R040 TA1.2: Carry out product
disassembly —
Common tools for disassembly

These are ways in which components are
commonly disassembled.

Created by ferdizzimo

/ Spanner
Socket set

\
S

Screwdriver

N

Wire cutter

Hex wrench / Allen key

’ ! adesuef je39d Aq poreasd
a
Project

e Houn Project

Created
from

Pliers

R040 TA1.2: Carry out product disassembly — Common materials and production methods

These are ways in which components are commonly assembled.

105

Material Common production method
) e Injecti Idi
Thermoplastics njection mou. 'ng
¢ Vacuum forming
Plastics
Thermosetting plastics e Compression moulding
Ferrous * Forging
Metals : CaStI.ng .
* Fabrication
Non-ferrous ¢ Press-forming
Softwood )
¢ Turning
¢ Assembly by construction
Timber Hardwood ¢ Glued lamination
* Routing
Manufactured board * Sawing
0 li i
. Ceramics are a group of materials based on minerals and S,Ip ca.stlng
Ceramics includes glass and potter * Sintering
g P V- e Firing
* Sewing
Textiles Including woven cloth and non-woven textiles. * Weaving
¢ Thermal (heat) bonding

106




R0O40 Task 3: Mark Scheme

Topic Area 2: Virtual CAD 3D

MB1: 1-4 marks

MB2: 5-8 marks

MB3: 9-12 marks

Produces a basic 3D virtual
model using CAD.

Produces a simple 3D virtual
model consisting of a very

Demonstration of complex
industry-related CAD activities
is dependent upon assistance
or help from other sources.

limited number of components.

Produces an adequate 3D
virtual model using CAD.

Produces an adequate 3D
virtual model consisting of
some mated components.

Demonstration of complex
industry-related CAD activities
is carried out with some
assistance or help from other
sources.

Produces a comprehensive
3D virtual model using CAD.

Produces a complex 3D virtual
model consisting of many
mated components.

Demonstration of complex
industry-related CAD activities
is carried out independently.

If your work does not meet Mark Band 1 criteria, you will be awarded zero marks for this task.

RO40 Task 4: Mark Scheme

Topic Area 2: Physical modelling — Production Planning

MB1: 1-2 marks

MB2: 3—4 marks

MB3: 5-6 marks

A basic description of the
planning stages to be used
in the manufacturing of the
prototype.

Shows limited understanding
of safety considerations.

Completion of the production
plan is dependent upon
assistance or help from other
sources.

An adequate description of
the planning stages to be used
in the manufacturing of the
prototype.

Shows some understanding of
safety considerations.

Completion of the production
plan is carried out with some
assistance or help from other
sources.

A comprehensive description
of the planning stages to be
used in the manufacturing of
the prototype.

Shows a detailed
understanding of safety
considerations.

Completion of the production
plan is carried out
independently.

If your work does not meet Mark Band 1 criteria, you will be awarded zero marks for this task.
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R039 TA2: Production planning

A production plan might typically look like this.

109

Stage | Description Materials | Tools Quality Check Duration
1 Cut timber Pine Strip | Tenon saw Measure each cut length. Must be within | 0:20
parts to size. Bench hook | 2mm of design.
2 Drill mounting | Pine Pillar drill Measure depth. Should be between 8 & 0:10
holes. parts 12 mm deep.
Must be within 5mm of centre.
3 Etc.
4
5
6
7
8
Modelling Materials for Prototyping
These materials are popular for making visual
prototypes. [ Modelling ]
— Fused Deposition L
Fabrication Modelling (3D Print) Finishing
I N N N
P i Finish
Plywood Natural Rigid foam PLA ] ABS reparation e
J J J N
—— pr——
I I Polyester |__| Paint
N N\ N filler
) — —
Balsa Pine Jelutong
e P
J J J .
Spray filler jp=— \ggzzror
 —  —
PR PR
Wood Furniture
filler o wax
—  —
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Modelling Methods for Prototyping

Hand construction and Fused Deposition Modelling (3D Printer)

Skill in
setting up

Expensive
equipment

Accurate

Fabrication Modelling Materials for Prototyping

These materials are popular for making visual prototypes through hand fabrication.

Skill in
making

Inexpensive
equipment

Consumes
human time

Material Advantages Limitations
Rigid foam * Easy to shape with hand tools. e Rough finish.
* Great for 3D curves. * Hard to prepare for paint.
Plywood e Can be laser cut with accuracy. e Sheet meterial, needs layers for 3D shape.

* Stable (does not warp or twist).

* Strong in both directions.
* Great for geometric shapes.

* Moderately hard to create smooth finish.

Balsa timber

* Easy to shape.
e Lightweight.

* Dents easily.
* Relatively expensive.

Jelutong * Moderately easy to shape. * Relatively expensive.
timber * Easy to create a quality finish. * Features latex canals (veins) which must be filled.
e Strong.
Pine timber * Inexpensive. * A coarse grain so it can be hard to get a smooth finish, especially on the

* Readily available.

end grain.




Finishing Materials for Prototyping

These materials are popular for creating a high quality final finish on models.

Material Advantages

Limitations

Polyester filler | * Quick setting paste — good for filling
imperfections a few mm deep.
e Works on all rigid materials.

e Only workable for 5 minutes.
* Needs extensive work with abrasives once set.
* Releases harmful fumes which must be controlled.

Wood filler * Workable for several minutes.

* Quick setting paste — good for filling
imperfections a few mm deep.

* Does not produce harmful fumes.

e Dries in 24 hours typically.
* Designed for timber only.
* Needs extensive work with abrasives once set.

Spray filler e Easy to apply - in several small coats.
e Easier to apply evenly.

e Will not fill gaps bigger than 1-2mm.

* Releases harmful fumes and particles which must be controlled.

Spray paint e Variety of colours available.
e Produces a high quality finish if surface
preparation is good.

* High quality surface preparation needed.
* Must be applied in several light coats.

* Releases harmful fumes and particles which must be controlled.

R039 TA2: Prototype Production

You will need to keep a ‘Making Diary’ to record how you
made your prototype. Each stage will need at least one
photograph & explanations.

too.

At this stage | am filling imperfections with
polyester filler.

| have mixed it following the manufacturers
instructions and | must apply it within 10
minutes. | will then sand or file the excess.

| am wearing gloves to protect my hands and
have extraction turned on to remove fumes.
The filler is stored in a metal cabinet according
to COSHH regulations.

At this stage | am using a file to remove the
excess set polyester filler.

| have held the work in a vice to prevent it from
moving. This will hep me get a 90 degree edge

When | finished, | used a vacuum cleaner to
clear up the dust so that it would not breathed
in by anyone.

113
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FDM (Fused Deposition Modelling) Materials for Prototyping

These materials are popular for making visual prototypes using 3D Printing.

Material Advantages Limitations

ABS ¢ Available as FDM filament .
¢ Tough .
¢ Softens at 200c

Works on only some FDM machines.
Can emit hazardous fumes when extruded.

PLA ¢ Available as filament. .
e Works with all FDM machines. .
¢ Low fume emission when extruded.

Softens at 80c.
Not as tough as ABS.

R039 TA2: Prototype Production Using Computer Aided Manufacture (CAM)

i
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Laser Cutter

3D Printer (FDM) §|

3. Bed height set for material thickness.
4. Cutting power and speed set for material being
used.

CAD Design should be drawn in 2D design software e.g. 1. A 3D model of the component must be made e.g. using
Techsoft ‘2D Design’. Fusion 360.

2. 3D model most be saved in standard STL format.

3. STL file must be ‘sliced” and converted into the correct CNC
code (‘Gcode’) for the 3D printer. Any support material is
added to the code at this point.

Checking *  The design can be printed at 1:1 scale for checking.
the design. *  On the laser cutter a draft can be cut in reclaimed corrugated card and checked.
Machine 1. Material loaded. 1. Material loaded (filament form).
preparation | 2. Design positioned correctly to align with material | 2. Build bed and extruded head preheated.
position on bed. 3. Bed levelled correctly to 0.2mmm of the extruder head.

Starting job

1. Turn on the extractor.

2. Watch the job cut from start to finish in case of
fire. See Risk Assessment information. Cancel if
needed.

Watch the job start, check for consistent extrusion. Cancel
if needed.

* Sometimes the cut is not continuous, and
component will not fall easily from material.

Completing | After fumes have cleared, turn off the extractor and 1. Carefully remove model from build bed.

Job remove work. 2. Snap off any support material.

Quality * Sometimes the laser does not cut all the way * Some surface roughness is normal but should be consistent.
issues through. * Check for any poorly extruded layers.

Check for support material that needs to be removed.

16



R0O40 Task 5: Mark Scheme
Topic Area 2: Physical Modelling — Prototype Production

MB1: 1-6 marks

MB2: 7-12 marks

MB3: 13-18 marks

Dependent upon assistance
to produce a prototype from a
production plan.

Dependent upon prompts

to use PPE equipment when
working with tools, machines,
materials, chemicals, finishes
and solvents.

Use tools and processes

with limited effectiveness to
produce and assemble an
outcome that partly meets the
production plan. The prototype
will be incomplete.

Produces a limited record of
the key stages of making the
prototype.

Requires some assistance to
produce a prototype from a
production plan.

Requires some prompting to
use appropriate PPE when
working with tools, machines,
materials, chemicals, finishes
and solvents.

Use tools and processes with
some effectiveness to produce
and assemble an outcome that
mostly meets the production
plan. The prototype will be
mostly complete.

Produces an adequate record
of most of the key stages of
making the prototype.

Independently produces a
prototype from a production
plan.

Independently uses
appropriate PPE when working
with tools, machines, materials,
chemicals, finishes and
solvents.

Use tools and processes
effectively to produce and
assemble an outcome that

is of a high quality, accurate
and fully meets the production
plan. The prototype will be fully
complete.

Produces a detailed and
accurate record of the key
stages of making the prototype.

If your work does not meet Mark Band 1 criteria, you will be awarded zero marks for this task.

RO40 Task 6: Mark Scheme

Topic Area 2: Physical Modelling — Evaluation of a Prototype

117

MB1: 1-2 marks

MB2: 3—4 marks

MB3: 5-6 marks

Produces a basic evaluation of
the prototype outcome against
the product specification.

Provides limited potential
improvements. No justification
is provided.

Produces an adequate
evaluation of the prototype
outcome against the product
specification.

Provides some potential
improvements, with
justification.

Produces a comprehensive
evaluation of the prototype
outcome against the product
specification.

Provides detailed potential
improvements with justification.

If your work does not meet Mark Band 1 criteria, you will be awarded zero marks for this task.
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R039 TA2: Evaluation of a prototype

You will need to keep evaluate your prototype.

Find the design specification. For each
requirement, explain

Iﬁ How it meets that requirement.

.............
s

Ways in which it does not meet
the requirement.

AN Ideas for improvement.

Document the improvements.

119

For all units:

Reference Information
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Generic Hazards page 1

Process

Tool

Hazards

3D printing.

FDM machine

Electric shock.

Burns from extruder.
Inhalation of fumes.
Entrapment in machine.

Laser cutting.

Laser cutter

Electric shock.
Burns from laser.
Inhalation of fumes.
Fire in machine.

Bending acrylic.

Strip heater

Electric shock.
Burns.
Fire.

Drilling.

Pillar drill.

Electric shock.
Ejection of materials.
Cuts to skin - hand.

Drilling.

Battery drill.

Entrapment in machine.
Cuts to skin - hand.

Sanding by machine.

Floor mounted sanding machine.

Electric shock.
Entrapment.
Ejection of material.
Abrading of fingers.
Inhalation of dust.

Sanding by hand.

Abrasive paper.
Sanding block.

Inhalation of dust.

Hand sawing. Tenon saw. Cuts to skin - hand.
Coping saw.

Generic Hazards page 2

Process Tool Hazards

Applying furniture wax. Rag Contamination of skin.

Applying varnish or paint by hand

Rag or brush.
Spray gun / aerosol

Contamination of skin.

Ejection of material (splashes in eye).
Inhalation of fumes.

Risk of inhalation of spray is much
higher than when applied with brush
orrag.

Cleaning with solvent.

Methylated spirits. or
Whiteboard cleaner.

Inhalation of fumes

Polishing metal or acrylic.

Polishing machine.

Electric shock.
Entrapment.
Ejection of material.
Inhalation of dust.

Using screws to assemble.

Screwdriver:
* Pozidriv
* Flat blade

Cuts to skin resulting from slipping.




Generic Controls page 1

Hazard

Controls.

Electric shock.

* Check equipment has been serviced.
* Check mains cable for damage.
* Do not attempt electrical repair.

Burns.

* Ensure everyone is aware that machine is hot.

* Know which parts get hot and do not touch them.

* Use guards when available.

* Wear gloves when handling until workpiece has cooled.

Inhalation of fumes / dust.

* For hand tools and FDM in PLA, a well-ventilated room is usually sufficient. If extensive
hand sanding is taking place then LEV extraction and / or respirators should be used.

* For machines, LEV extraction must be turned on and extraction valves on machine
opened.

* For laser cutter, extraction must continue for 30 seconds before lid is opened.

* Any contaminated rags must be disposed of in sealed bags.

Fire in laser cutter.

* Check machine has been serviced within last year.

* Debris must be cleared from bed before use.

* User must watch the proves for signs of fire and, if there is a fire, stop the machine and
raise the alarm.

Entrapment in machine.

* Hair and loose clothing must be secured.

* Clamp work where possible.

* Use guards.

* Where clamping is not used, hands must be well away from cutting / abrading surfaces.
* Ensure operator’s yellow box is clear before using.

Ejection of material.

* Guards must be used.
* Clamp work where possible.
* Wear safety glasses.

Generic Controls page 2

Hazard

Controls.

Abrading of fingers.

* Guards must be used.

* Clamp work where possible.

* Where clamping is not used, hands must be well away from cutting / abrading surfaces.
* Do not leave operator’s yellow box until machine has stopped.

Cuts to skin.

* Clamp work.
* Use both hands on tool so that a slip will not result in a cut.

Contamination of skin.

* Wear examination gloves when applying.




Basic Techsoft 2D Design drawing tools

k Select tool Click to select an object.

elect too Draw a box to select all objects enclosed by the box.
G) Circle Draw a circle. Hold down for other ways to do it.
/ Line Draw a line. Hold down for other ways to do it.
J:f Rectangle Draw a rectangle. Hold down for other ways to do it.

U C Arc (including fiIIet) Draw an arc. Hold down to get the very useful fillet option.
{...} Dimension Draws a dimension line. Useful for checking dims too.
DEL { peL| | Delete (including Delete any object. Hold down for the really useful option that deletes
ANY i part) a line between other lines.
%:-i Group Multi-select then click this to stick all objects together.
Lock to grid Limits you to the grid (usually set to 10mm).

Lock to step

Limits you to an invisible sub-grid (usually set to 1mm).

Attach

Helps you to draw to the end of an existing line.

Save

Store your work on your network share.

Basic 3D CAD modelling tools

A drawing from which a 3D shape is made.

1_—_'|_ Sketch
Makes a 2D sketch 3D.
DT Extrude
-
_% Rounds corners.
| | Fillet
Moves or copies.
4%} Move / Copy
Hollow out.
|' | Shell
/= Join components together
DVJQ Assemble

25
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Generic Procedure for creating a component in Fusion 360

1.

N o s W N

Glossary of
words use in
mark schemes

Mark Band 1

Initial 2D sketch:

a. Choose a plane to sketch on.

There are many ways to create component, but |
recommend this was as it works for most

components.

ﬂ Fusion 360

b. Start a 2D sketch that is the right shape (don’t worry about

dimensions yet).
c. Dimension the lines in the sketch.
d. Dimension any odd angles.
e. Finish the sketch.

Extrude / revolve etc. to create the 3D body.

Add or take away as needed e.g. holes or extruded bosses.

Name the body you have created.
Set the physical material for the body.
Create component from the body.

Go back and apply any chamfers or fillets.
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Word Meaning

*  Work includes the minimum required. It is a starting point
but is simplistic and not developed.

Basic *  Understanding and skills are applied in a way that partly
achieves the wanted or intended result, but it would not be
useable without further input or work.

*  Work includes a small number of relevant facts or concepts

response.

Brief/Briefly but lacks detail, contextualisation or examples.
Dependent - Thg student can perform a task when given regular
assistance or help.
*  Work produced is restricted or narrow. It includes less
Few than half of the information or examples expected for a full

*  Outputs are produced but with great expense or effort
Inefficient because of poor organisation or design and not making the
best use of available resources.

*  Work produced is restricted in range or scope and includes
only some of the information required. It evidences partial
Limited rather than full understanding.

*  Work produced is a starting point rather than a developed
process, concept or output.

Minimal * Includes very little in amount or quantity required.

Simple

* Includes a small number of relevant parts, which are not
related to each other.

Superficial *  Work completed lacks depth and detail. 128




Glossary of
words use in
mark schemes

Mark Band 2

Glossary of
words use in
mark schemes

Mark Band 3

Mark Band (MB2) Words:

Word

Meaning

Adequate(ly)

Work includes the appropriate number of relevant
facts or concepts but does not include the full detail,
contextualisation or examples.

Assisted

The student can perform a task with occasional assistance
or help.

Part(ly)/Partial

To some extent but not completely.

Work produced is inclusive in range and scope. It
evidences a mainly developed application of understanding,
performance or output needed.

Work produced results in a process, concept or output that
would be useable for its purpose.

Some

Work produced is inclusive but not fully comprehensive. It
includes over half the information or examples expected for
a full response.

Sound

Valid, logical, shows the student has secured most of the
relevant understanding, but points or performance are not
fully developed.

Applies understanding and skills to produce the wanted or

intended result in a way that would be useable.

129
Mark Band (MB3) Words:
Word Meaning
*  Acting or performing with care and precision.
Accurate(ly) R
* Correctin all details.
*  Work produced is fully comprehensive and wide-ranging.
All It includes almost all, or all the information or examples
expected for a full response.
Clear(ly) * Focused and accurately expressed, without ambiguity.
*  Includes many relevant parts, all of which relate to each
Complex other logically.
*  The work produced is complete and includes everything
required to show depth and breadth of understanding.
Comprehensive(ly) *  Applies the understanding and skills needed to successfully
produce the wanted or intended result in a way that would
be fully fit-for-purpose.
Consistent(ly) . »l?mlzvel of performance which does not vary in quality over
*  Objecti lysis and tion in order to form: a
Critical judg: luation of the evid or effective trouble
shooting/fault finding.
Detailed *  Gives point by point consideration of all the key information.
*  Applies the skills required to the task and is successful in
Effective producing the desired or intended result.
*  The work produced is effective in relation to a brief.
*  Able top: results or outputs with the
Efficient expense or effort, b of good isation or design
and making the best use of available resources.
*  Work produced is comprehensive in range and scope. It
i a fully developed application of ur ding
Full(y) perf e or output needed
*  Work produced results in a process, concept or output that
would be fully fit-for-purpose.
*  The student can periorm a task without assistance or
Independent(ly) reliance on others.
Justify/Justified *  The reasons for doing something are explained in full.
Most{ly) * Includes nearly all of what is expected to be included.
¢ many rel it details, ples or all of 130
Wide: (ranging) which are fully detailed, contextualised or exemplified.
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