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Foreword

Leaving Certificate Engineering affords students the opportunity to develop skills in creativity,
problem solving, innovation, research, enterprise, design, manufacture and reflection. ICT is an
integral part of this learning environment. The student project provides the medium through which
some or all of these skills may be expressed and assessed. 25% (150 marks) of the total marks in

Engineering, at this level, are allocated to the production of the student project.

As part of the Engineering — Technology Project: Design the student must produce an artefact as a
solution to a given brief accompanied by a folio which will clearly exhibit the students thought
process as they work through the development of their solution; ““the folio provides a record of the
work of the candidate and should contain all the details of the project work from the initial ideas to
the final evaluation™. (Chief Examiners Report: State Examination Commission, 2011). For this
reason, it is vital that the folio is compiled as the process develops. Each stage of the process informs
the next and the folio serves as a means of capturing this information. The breakdown of marks for
each aspect of the project is detailed below;

Artefact - 110 Marks

Folio - 40 Marks
Whilst there are 40 marks (6.66%) available for the production of the folio, it must be appreciated
that the quality of the process of design, which is captured in the folio, will have a significant impact

on the quality of the artefact for which there are 110 marks (18.33%) awarded.

The ability on the part of the student to communicate the thought process throughout the production
of the project is of utmost importance. It is essential that this thought process is evident to any person
that reads, or indeed assesses, the folio. Annotations, sketches, questions and conclusions on each
section of the project will allow the student to communicate their thoughts distinctly to the reader.
Therefore, it is critical that the process of reflection become an everyday activity in the Engineering

classroom.

The design brief issues from the State Examinations Commission in October, of year two, of the
Leaving Certificate Course. A specified deadline for completion is indicated in the instructions to
candidates. The purpose of this document is to offer guidance to both teachers and students on

possible approaches to successfully completing the Engineering Project.

Guide to the Engineering — Technology Project: Design (Higher Level) 2
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Design Brief

The Engineering design brief outlines a problem, for which the students are required to produce a
solution. The solution to this problem results in the production of an artefact. The process through

which the students set about solving the associated problems is documented in a written folio.

The design brief is presented in the following fashion.

Introductory paragraph/preamble

This sets a context for the given brief. The preamble will contain information which will guide the
student in the analysis and understanding of the design problem.

Design statement

This is a clear statement which outlines the problem posed.

Design specifications, constraints and limitations:

These outline the constraints or limitations placed on the design e.g. maximum size, voltage etc.

The example outlined below is the Higher Level Engineering - Project: Design Brief 2012

Design Brief

1. Introduction

Space trav el has been one of the most exciting challenges to scientific discovery and technological
innovation in recent history. Once safe, manned, space travel had been achieved the focus then
centred on moon landing. Central to exploration of the moon was the design and construction of the
Lunar Roving Vehicle (LRV) which could be operated by the astronaut. Two of the key
considerations in the design of the vehicle were weight and mobility. The desired mobility was
achieved through individual wheel motors. Three consecutive models of LRV were deployed on the
moon during the Apollo 15, 16 and 17 missions and at present the Chinese space programme also
includes the construction and testing of a new LRV for future journeys of scientific discovery.

¢
Design a model of a Lunar Roving Vehicle (LRV) to the general specifications outlined below. §

The LRV should:

(a)  Have propulsion units to provide individual drives for both front wheels;
(b)  Incorporate a central switching console to operate the front wheels;

(c) Include a steering mechanism for the front wheels;

(d)  Have seating capacity for the driver only.

Presentation of the completed project should ensure that:

(a)  All main operating features are clearly visible without dismantling.
(b) The longest dimension of the model does not exceed 350 mm.
(c) Electric power does not exceed 9 volts.

Guide to the Engineering — Technology Project: Design (Higher Level) 3
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Design Process:

This document outlines the stages the student must work through in order to successfully complete
the Engineering Design Project (Higher Level), which is recorded in the written folio.

The process headings are as follows:

Marks Awarded
e Analysis of the given brief 5
¢ Investigation of possible solutions 10
e Criteria for selection of your own individual solution 5
e Production drawings/plans 10
e Testing and Evaluation 5
e Presentation of the Folio 5

Each of these headings will be dealt with individually, in turn, through this document. Presentation is

central to all elements of the folio and hence will be addressed first.

Presentation of the completed folio

The folio represents a record of the work of the candidate from the initial ideas to the final
evaluation. As such, it should be well presented and capture the interest of the reader. Individual
approaches are encouraged including photographs, sketches, handwritten notes or typed details.
Freehand sketches and hand-written annotations should be used to enhance and personalise the

presentation. Notes and explanations can be inserted wherever it is deemed necessary.

The following points should be considered by the student;
= The presentation, in whatever format is chosen, A3 or A4, must tell its own story. Sketches,
annotations, digital photos, images from magazines, books, newspapers and the internet may
be employed.
= Virtually any conceivable method of presentation can be used to convey the thought process.
= Try to be as creative and unique as possible.
= Any prior knowledge in the use of word processing/desktop publishing software should be
used.
= Experiment with various types of print paper other than standard cartridge paper.
= Heavy gauge cartridge paper
= Coloured paper
= Watercolour paper
= Coated paper / Photographic paper / Trace paper

Guide to the Engineering — Technology Project: Design (Higher Level) 4
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= Layout should be kept clear. It should be easy to follow but unique to the student’s creative
ability. It should have a logical format and show evidence of good research.

= The presentation of the document could be enhanced with a well-designed front page,
detailing the student’s examination number, and could incorporate some graphic design
which reflects what is detailed within the folio.

= The completed folio should be suitably presented for the reader. As part of the presentation a
method of binding the folio should be considered.

Work Plan.

A work plan will facilitate students to make the best use of the time available to ensure that the
project is completed within the time constraints. A work plan will enable goals to be set for each
week of the project and break down the project into achievable bite sizes. This will help to ensure
that time is used effectively and reduce the need for excessive work as the deadline for completing
the project approaches. A copy of the school calendar can be used to identify holidays, school trips,

dates for pre-exams etc. which will help to plan the time available more effectively and accurately.

The work plan is best presented in graphical format. A number of possible approaches, taken by

students, are presented below and overleaf.

Timeline for completion of LC Engineering Project

Oct. MNovember December January February March
17 | 25 1 3 15 | 22 | 29 2] 13 | 20 | 27 3 10| 17 | 24 | 31 7 14 | 21 | 28 7 14

pracmney moacaTdE FECENES N FECEEET NI ATOE PHCEnES B NCATOE FECHENETS I AT FECETITS N A

Development of Ideas - Modelling
Development of Ideas - Modelling
Production of Drawings & Parts List

Project Analysis
Investigation

Guide to the Engineering — Technology Project: Design (Higher Level) 5
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Week No.

Analysis
Investigation
Investigation - Ideas
Prototyping
Working Drawings
Manufacture
Assembly
Wiring
Testing & Evaluation

Work

Where do | start?

You should start with the analysis of the brief and work through the various stages toward the
completion of the process. It is important to note that the process of design is cyclical in nature, and
progression through each stage of the process may uncover areas which were not previously

considered. This in turn may warrant a revision of previous stages of the process.

Guide to the Engineering — Technology Project: Design (Higher Level) 6
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Analysis of the brief:

Having read the brief a number of times the next stage is to gain a full understanding of what you are
being asked to do. At this stage it is very important that the brief is thoroughly analysed as it serves
to inform you of the requirements and constraints of the brief. Performing a poor analysis may lead
to overlooking a crucial requisite and hence producing an artefact which doesn’t completely satisfy
the brief. Having performed a good analysis of the brief you should have clarity on what the brief
sets out to achieve and have a clear route towards further investigation.

Explore the brief carefully. A very useful class
group exercise at this stage is brainstorming.
Through group discussion, this exercise serves as
vital preparatory work for identifying the direction

you may wish to go with your own individual

project.

Brainstorming is a group creativity technique designed to generate a large number of ideas for the
solution to a problem. Exploring a brief is essentially a brainstorming process. All good design
companies start with this exercise. Remember:

. Focus on quantity.

" No criticism is allowed.

" Unusual ideas are welcome.

" There are no wrong answers at this stage.

. Combine and improve ideas.

The teacher takes a passive role but facilitates and guides the situation as necessary.

Analysis of the brief can be facilitated by highlighting the keywords and phrases, expanding on these
and outlining your interpretation of them. This section should show evidence of understanding of the
given brief. Areas which require solutions should be identified and problems which will be
encountered should be recognised. It must be more than just the brief rewritten in your own words.
Evaluate all information known about the design situation posed and identify areas which will
require further research. Scrutinising the brief in this way will help to direct you along the necessary

research paths.

Guide to the Engineering — Technology Project: Design (Higher Level) 7
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Steps in analysing the brief:

= Highlighting keywords and phrases can help to isolate elements and break down the design
situation one step at a time.

= From your own experience what do you know about any of the keywords?

= Keep adding more and more suggestions to the diagram.

= After all possibilities as a group have been exhausted, each student should capture the discussion
in a personalised ‘mindmap’ or ‘spider diagram’.

= Evaluate all information known about the design situation posed and identify areas which will
require further research. In this way scrutinising the brief will direct you along the necessary
research paths.

= A guest speaker, with good knowledge and experience in the area under investigation, may be
invited to speak to the group in relation to various aspects which may be overlooked in the
brainstorming session.

= |t may take a number of attempts before something resembling the following two pages is

produced.

DESIGN BRIEF
(2012 ENGINEERING — TECHNOLOGY PROJECT: DESIGN)

Introduction

Space travel has been one of the most exciting challenges to scientific discovery and technological
innovation in recent history. Once safe, manned, space travel had been achieved the focus then
centred on moon landing. Central to exploration of the moon was the design and construction of the
Lunar Roving Vehicle (LRV) which could be operated by the astronaut. Two of the key
considerations in the design of the vehicle were weight and mobility. The desired mobility was
achieved through individual wheel motors. Three consecutive models of LRV were deployed on the
moon during the Apollo 15. 16 and 17 missions and at present the Chinese space programme also
includes the construction and testing of a new LRV for future journeys of scientific discovery.

Design a model of a Lunar Roving Vehicle (LRV) to the general specifications outlined below.

The LRV should:

(a)  Have propulsion units to provide individual drives for both front wheels;
(b) Incorporate a central switching console to operate the front wheels;

(c) Include a steering mechanism for the front wheels;

(d)  Have seating capacity for the driver only.

Presentation of the completed project should ensure that:

(a) All main operating features are clearly visible without dismantling.
(b) The longest dimension of the model does not exceed 350 mm.

(c) Electric power does not exceed 9 volts.

Guide to the Engineering — Technology Project: Design (Higher Level) 8
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Investigation of possible solutions
Analysis of the design brief must be completed in order to progress to this stage. When the brief has

been fully analysed, a clear understanding of the requirements of the brief and a number of design

problems/questions which need to be answered through investigation, will have been established.

What should I include in this section?
There are two distinct elements to this stage of the process.

1. Investigation: clearly detail the investigation that has been completed. The investigation
needs to display your understanding and interpretation of the acquired information as
opposed to a collection of information gathered. There is limited value in reproducing
material gathered from the internet, magazines books etc.

2. Possible solutions: using the information from your investigation, communicate a number of

possible solutions to the design problem using a variety of presentation techniques.

The presentation of possible solutions must;
= convey the principle of operation of the design solution
= outline how each solution meets the requirements of the brief

= present advantages and disadvantages of each solution

Investigation:
A variety of methods of research/investigation should be accessed and utilised. This will facilitate
the creation of design solutions which are:
= Unique
= Complete and comprehensive
= Capable of being manufactured in school
= Capable of being manufactured within the time constraints
Research can take two forms;
* Primary Research

= Secondary Research.

Primary Research

This entails the observation of associated objects in your immediate environment or locality. These
solutions can be broken down and analysed, allowing elements of the design to be taken and
modified to the specific needs of the design problem. Primary research gives unlimited first-hand

Guide to the Engineering — Technology Project: Design (Higher Level) 11
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experience of possible solutions to a problem which can be referred back to again and again as

required throughout the process.

“I think we are sometimes too quick to go straight to the web for inspiration or to look something up,

so much so that we forget to take a look around our environment and take inspiration from that.”
James Dyson 2008
Secondary Research

This may include any or all of the areas listed below.

Libraries - Books - Magazines - Catalogues

Supply Stores - Exhibitions - Websites
Inspiration will be derived from all of the above methods of research. Keep an open mind as you
work through them. Internet research is probably the most accessible method but it must be clearly
stressed it is not the only one.

When conducting primary or secondary research the following should be considered.

What do | want to know? Be clear on what you want to get from your research. Each time you
carry out research you should have questions that you want answered. This will add a framework to
the research you complete and will help keep you focused. These questions will be developed from

your analysis of the design problem.

What do | do if I do not know what direction to take next? Go back to your primary research
methods. Review your analysis in order to get further direction on what you need to investigate. Ask
your teacher for guidance on how to interpret your analysis and give direction towards further
research paths which may be chosen.

What form should my presented investigation take? Investigation is a very important part of the
design process. When presenting your research you will need to condense it down and give the
reader a clear picture of the research you have carried out. Using images and freehand sketches is a
clever way of presenting your investigation. Images and annotations together give a distinct
representation of the research undertaken. Printed material taken directly from the
internet/magazines should not be included. Students must show evidence of how they used

information from their sources not what information they acquired.

Guide to the Engineering — Technology Project: Design (Higher Level) 12
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recreaiionnl snoamrohiles bt ure nod 45 good ax two trecks

T inalividisa] irncks. Cine gl elther side,

Thee bl poing is it has smaller sizal racks o it sinks int the stow becouse
the weight is spread over o smaller aren, The good point of this is that sinoe it |
|diggs inbo the snow it has moee mactian in the snow and it alloss the
anowmohile te make sharper s, Therefore this methad af rer propulsson
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| This is a iwthesd that was wsed in 1926 on vehicles which irvelled in the
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Back wheels wilhy spikes
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Example of student investigation: Images, sketches and annotations/written may be used to

demonstrate research and show how it has impacted on possible solutions.

“Encourage candidates to explore a wide variety of possible solutions before they decide on their

individual final solution” (Chief Examiners Report: State Examinations Commission, 2011)

Exploring possibilities is very important as it helps to develop a clear understanding of the challenges

which will be faced. It also ensures that the final solution will be well thought out and constructed,

maximising the potential for its success.

Having completed the analysis and investigation of the design brief the student should now be equipped

to explore a series of possible solutions to the design problem or elements thereof. If the student has

difficulty developing these ideas they should revisit the analysis and investigation of the brief to develop

further inspiration.

Guide to the Engineering — Technology Project: Design (Higher Level) 13
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How should I present my design solutions?

At this stage students may present several complete solutions to the design problem or several
solutions to each of the individual problems outlined in the analysis. It is important that the solution
is accompanied with annotations and breakout sketches which indicate the finer detail of the design
solution. The student must convey how each of the design considerations outlined in the analysis
have been solved and to what extent each solution goes towards solving the brief. It is not for this
stage to rule in or rule out a solution but rather to discuss the merits of each one presented.

The presentation of a possible solution must;
e convey the principle of operation of the design solution
¢ outline how the solution meets the requirements of the brief

e present the advantages and disadvantages of the solution

You may choose to complete this on a single sheet as shown below or choose to convey this
information on a separate page as shown overleaf. Simple use of colour is very effective in

highlighting key areas and improving the presentation of the possible solutions.

This project has o complicated steering mechanism.
When designing this model 1 had the idea of a competition vehicle in mind. A competition snow P ixed and a gear wheel tums the black
mohile should combine speed and good handleing. For good handleing the snowmobile shouldnt ch tums part B which tums the skis at the
spread its weight evenly like the other ones but rather slightly dig into the snow to provide good
traction for the tracks and provide a good turning circle for the skis.

Pro’s

Tracks are used on most snowmobiles and work well as they get a good
grip on the snow.
The rack and pinion is an effective way of converting the rotary motion of
the steering to the required movement of the skis.
The snow mobiles | have seen in my investigation are sleek and
aerodynamic and this design reflects that.
The rear propulsion unit of this model consists of two
Con’s sepal provides a smaller surface area
whic
handlir

The body design is very complicated and would take a long time to make.
The rack and pinion requires a high degree of accuracy for it to work because the
properly. The
The rubber track swill need to be got the right length or cut and glued to make switch £ "
which could create problems. Tight switch =k

Guide to the Engineering — Technology Project: Design (Higher Level) 14
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Criteria for selection of solution
The point is now reached where decisions are required in relation to what design ideas are going to
be progressed further and what design ideas are going to be eliminated. These decisions are made

based on the requirements of the brief as identified in the analysis.

Through analysis we gained a thorough understanding of the requirements of the brief. These same
requirements identified direction for investigation. Possible solutions were generated on foot of this

investigation. A design solution must now be chosen which best meets these criteria.

This solution may be derived from one of the possible solutions or a combination of different
elements of the possible solutions. It is important to communicate the rationale for choosing one
particular solution over another.

Note: If using a combination of elements from various solutions a freehand presentation must be

generated to convey this new, combined design.

As part of the presentation of possible solutions the student will have;
e conveyed the principle of operation of their design solutions
e outlined how each solution met the requirements of the brief
e presented the advantages and disadvantages of each solution
It is essential that this level of interrogation of the possible solutions has been completed in order to

make an informed decision

An example of a student’s justification for choosing their propulsion system for their snowmobile
(2011) is outlined below.

| decided to use the chain and sprocket system from solution 2 as my chosen drive mechanism. |
decided to use this method as | feel it best reflects the drive of a real snowmobile. | feel that it would
provide a strong drive mechanism from the motor and it is less likely to slip, unlike the belt and
pulley system in Solution 1. A larger spur gear on the axle coupled with a smaller gear on the motor
will enable me to reduce the output speed. The chain and sprocket system gives greater freedom for

positioning on my model, unlike the meshing gears in Solution 3.”

This level of rationalisation should be employed for all requirements of the design.

Guide to the Engineering — Technology Project: Design (Higher Level) 16
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Planning & Production Drawings

Planning is key to achieving success in solving any design based problem. The depth of planning

undertaken throughout all stages of the project is captured in the design folio and will have a direct

impact on the quality of the artefact which will be produced. Planning is an integral part of all

aspects of the process of design. Therefore, evidence of planning should be presented in all elements

of the process.

ANALYSIS
TESTING & INVESTIGATION
EVALUATION
<:: PLANNING ::> POSSIBLE
MANUFACTURE
SOLUTIONS

v

PROTOTYPING/ CHOSEN
WORKING

DRAWINGS SOLUTION

Analysis and investigation will have been considered at this stage. This element will focus on the

creation of a prototype, working drawings and a work schedule.

Why create a prototype?

Students should create a prototype at this stage for a number of reasons. The process of producing a

prototype model;

Yields an understanding of shape, size, form and proportions.

Makes the process of generating 2D drawings much easier as they will have a 3D model to
work from. The prototype bridges the gap between 2D and 3D.

Help students to plan the manufacture of their chosen solution and may identify problems
that they had not envisaged.

Affords an insight into problems that may be faced when manufacturing the chosen design.
Offers the student the benefit of having something tangible to refer back to as they

manufacture their project.
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The prototype should replicate, as closely as possible, the finished project. It should endeavour to

demonstrate how the final solution caters for all requirements of the brief.

The criteria for the snowmobile (Engineering — Technology Project: Design 2011) are outlined
below.
The model snowmobile should;

= Have the rear propulsion unit controlled by an ON/OFF switch:

= Incorporate front skis with a steering mechanism

= Have seating capacity for the driver only

An example of a student prototype, which satisfies all of the above criteria, and the completed
artefact for the Snowmobile are shown below.

Initial prototype made from card and - Completed Snowmobile
other materials P

Working Drawings

A good prototype will lend itself to the process of producing working drawings to facilitate planning
for the next stage, manufacturing. These drawings will guide the student through the manufacturing
process, and will ensure more fruitful use of the time available for manufacture. Completion of the
working drawings using the prototype model will help to eliminate problems which may otherwise
go unnoticed and lead to parts being made and remade over and over again. Production drawings
will help with the assembly of the finished project. These working drawings may be completed by
hand or using SolidWorks. Students are encouraged to utilise Computer Aided Design (CAD) where
possible, as indicated in the instructions to candidates’ document, issued by the State Examinations

Commission.
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What should be included in the working drawings?

The working drawings should present all of the data required to manufacture the artefact. Some or all
of the following views of the artefact may be presented,;

e An assembled pictorial view.

e Orthographic views of the assembly.

e Orthographic views of each component complete with dimensions.

e An electronic circuit diagram using appropriate symbols.

Electronic components such as: motors, LEDs, batteries etc. do not need to be included in the
working drawings. However, their shape and proportions will influence the design of individual

parts.

Assembled Pictorial View.

An assembled pictorial view will afford the reader an overall view of the proportions of the artefact.
SolidWorks affords the student the ability to extract a number of views of the assembly to give a
detailed understanding of how the model is assembled. These views can be presented on a sheet on

their own, or included with orthographic views.

e 8
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Orthographic view: (Including Dimensions)

These working drawings represent planning which will enable the artefact to be manufactured
successfully in the time available. For that reason, orthographic views must be presented for each
component part accompanied with balloon referencing indicating part numbers. Appropriate views
of each component are chosen to convey all of the necessary information. The advantage of
modelling the artefact in SolidWorks is that orthographic views may be extracted for each
component. Should you have to revisit the design of a component at a future stage these orthographic

views will update accordingly avoiding unnecessary redrafting.
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Learing Cert. Engineering 2011
Part1-Base
Parts List

In order to commence work on the manufacture of the artefact a parts list must be produced. This list
should contain the following information;

Part Number, Part Name, Material, Dimensions and Quantity
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The part is identified by balloon referencing in the assembled pictorial view and individual part
numbers accompanying the orthographic views. A sample of a students completed parts list is shown
below. The balloon referencing of the assembly helps to clearly identify each part.

Part No. Name Material D Quantity
1 Bonnet Aluminium 188 x130x1 1
2 Rear Housing Aluminium 155x150x 1 i 8
3 Steering Bars Aluminium 130x 95x1 1
4 Ski Aluminium 145x20x 3 2
5 Seat Platform Acrylic 105x72x3 i
(53 Base Acrylic 275x130x3 1
7 Seat MNylon Dia. 40 x 75 1
8 Front Ski Support Aluminium Dia. 12 x 33 2
9 Back Ski Support Aluminium Dia. 12 x 27 2
10 Steering Column Aluminium Dia. 12 x 53 1
11 Side Auger Casing Acrylic TOx70x2 2
12 Top Auger Casing Acrylic 105x70x2 2

Electronic Circuit Diagram

A graphical representation of the electronic circuit diagram designed to facilitate the operation of the
artefact must be presented. A candidate’s circuit diagram for the Snowmobile (Engineering —
Technology Project: Design 2011) is presented below.

Component

Circuit Diagram
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Manufacture

All of the analysis, investigation and planning culminates in this element of the process, the
manufacture of the artefact. It is therefore vital that a thorough analysis has been completed, and a
comprehensive investigation has resulted in some well thought out design solutions. A clear
rationale for selecting the chosen solution must have been outlined as well as a detailed work plan.
Whilst it is accepted that some problems will be encountered in the manufacture of the best thought
out design; working through the stages as outlined in this document will reduce the occurrences of
these. On the other hand, starting manufacture without a comprehensive plan in place will result in
false starts, redesigning over and over again as you go, wasted material and as a consequence a less

than successful outcome. Failing to plan is planning to fail.

Before manufacturing is undertaken it is vital that a number of design considerations are taken into
account. These considerations include:

. Mechanisms Employed

. Material Choice

" Manufacturing Processes

" Joining Processes

. Electronic Wiring

. Finishing Techniques

Consideration has already been given to some of these in the previous stages of this process.

Mechanisms Employed

When the brief is analysed, the requirements are identified including the necessary movements of
parts relative to one another. For example, steering was a requirement of the Lunar Roving Vehicle
(Engineering — Technology Project: Design, 2012). Analysis of this requirement identified a need for
a mechanism which would convert rotary motion (Steering) to linear motion (turning of the wheels).
This demands that the student investigate a number of possible mechanisms which would solve this

problem. Similar analysis and investigation must be completed for all other requirements.

A useful resource for Structures and Mechanisms, as well as others, is available through the T4
website at the link below.

http://www.t4.ie/Technology Resources_Core_Structures.html

Guide to the Engineering — Technology Project: Design (Higher Level) 22



PDST Professional | 4l TECHNOLOGY
"8 |Development SUBJECTS
Service w Teachers \ SUPPORT
.\'fj,_ SERVICE

==

Material Choice

It is important that suitable materials are chosen for each component part of the project. The artefact
produced is a model and as such should use materials which allow it to be lightweight, portable, well
finished and manufactured in school using the bench and machine tools available in the classroom
The material used does not need to be the same as the materials used in real world examples of the

project.

The engineering project brief includes specifications which will impact on material choice. The brief
usually states that “all main operating features are clearly visible without dismantling™. This may be
provided for through prudent design and positioning of component parts or the student may consider

the use of clear or tinted acrylic or a mesh for parts of the project which restrict view.

The following should be considered in deciding what materials to use:
= |s the material available in a light gauge? This will make it easier to work with the material
and will ensure that the finished project is lightweight.
= Does it have the desired properties? Can it be bent into shape? Is it strong enough to hold the
weight of the project? Can it be cut, drilled and filed easily? Can it be finished to a suitable

level? What joining techniques can be employed using particular materials?

These questions need to be answered before a material is selected.

Manufacturing Processes

The project is an opportunity for the student to display the practical skills they have developed
through their study of Engineering at Second Level. The student should use the tools and
manufacturing processes they have access to and are most comfortable with. Students should display
a wide range of bench manufacturing techniques including marking out, sawing, bending, tapping,
filing and polishing. Along with these, they should also use a wide variety of machine tool processes
including drilling, lathe work and bending to complete the manufacture of their project.

It is important that the student selects the most appropriate processes when manufacturing each part
of the project. The final assembly of the project will also have a bearing on what manufacturing
processes are used e.g. if the project is to be fixed together with screws then the student will need to

drill and tap a series of holes to cater for assembly.
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Joining processes

Joining methods should be carefully considered as part of the planning of the completed solution. It
is vital that the correct joining methods are chosen for the various elements of the artefact. The
project should be joined in a manner that allows for access should it be required. If a temporary
method of joining is required screws, nuts and bolts could be used. Permanent methods of joining
could include, soldering, brazing, welding or adhesives. Permanent methods of joining should only
be employed where disassembly is not required.

Adhesives can be a quick solution but not always the most appropriate. Adhesives should be used
appropriately and sparingly. Choosing the incorrect adhesives can result in a poor quality adhesion
and damage to the materials e.g. superglue burns the surface of acrylic and presentation of the
artefact is diminished as a result.

Electronic Wiring

The incorporation of the wiring for the project should be considered from the outset of production. It
is crucial, from presentation and safety view points, that all wiring is neat and tidy. Heat shrink is a
useful material for strengthening soldered joints and insulating.

The wiring should be concealed where possible and holes may need to be drilled in the artefact to
cater for routing of the wires. Battery holders, if required, should be integrated into the design
solution. Some of these aspects of the design and manufacture of the artefact have been overlooked
in the past and this has been noted in the Chief Examiners Report: ““At both Higher and Ordinary
levels, some candidates failed to pay adequate attention to safe and neat wiring in construction of
basic electronic circuits. This part of the design appeared not to be taken seriously and resulted in
poor placement or housing of the electronic circuit/components, battery, loose wiring and poor

soldering.”

Students must take the electronic wiring into consideration when planning the design and
manufacture of the project.
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Finishing

Finish and presentation of the project is vital to successfully completing the project. The finish
applied to the project will depend on the materials used. “High quality finishes may significantly
improve the efficiency in movement, the potential for accurate assembly and the aesthetic
appearance of the component as well as contributing to the overall presentation of the completed
artefact.”(Chief Examiners Report: State Examinations Commission, 2011) It is crucial that time is

afforded to producing a quality finish on each of the component parts.

In general all parts should;
e be free of sharp corners
e Dbe filed smooth with all burrs removed
e be cleaned and prepared for polishing

e be polished to a high shine

Metals may be given a protective coating of paint, or clear lacquer to avoid subsequent tarnishing.
Screws should be cut to an appropriate length. All wiring should be neat and tidy.
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Testing & Evaluation

Testing

Having completed manufacture, assembly and wiring the next stage is to test the artefact to see how
well it performs. At this point it is necessary to revisit the requirements, as identified in the analysis,

and test the operation of the artefact under these headings.

A clear outline of the tests carried out as well as factual information resulting from the tests must be
presented. The tests must be designed such that they can identify to what extent the artefact satisfies
the design requirements. Tests may show up shortcomings in the design of the artefact and this may

require some redesigning and manufacture to overcome these problems.

An example of a student’s outline of one of the tests carried out for the lifting mechanism for the

Gantry Crane (Engineering — Technology Project: Design 2010) is detailed below.

“With just the weight of the hook, I connected a battery to the circuit and flicked the switch for the
lifting device. The motor turned and the pulley attempted to wind the fishing line around itself. I
found that the weight of the hook was not sufficient to provide enough tension to coil the fishing line
around the pulley. | borrowed some known weights from my physics teacher. | ran the test again
with a 5 gram weight attached. This time the weight ensured that sufficient tension was placed on the
line and it wound around the pulley and lifted successfully. | repeated the test using 10, 15 and 20
gram weights and it lifted these successfully also. The hook was made from aluminium which is light
weight. | remade the hook from steel and added some lead pellets to increase the tension on the
fishing line. | repeated the test with the newly designed hook and discovered that it worked perfectly

this time”

Similar tests should be performed and detailed for the various other requirements of the project.
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Evaluation

Evaluation affords the opportunity to reflect on the completed project. In carrying out the evaluation
both the process of design and manufacture of the artefact, the completed artefact and the test results
must be reviewed. Critical appraisal, as well as possible changes to future design, is an essential

component of a thorough evaluation.

The following points may be used to guide a complete evaluation:
e The extent to which the model satisfies the brief based on the tests performed
e Functionality of the model
e Choice of materials and finishes
e Manufacturing processes employed
e Suitability of assembly techniques
e Suitability of component parts and their desired functions
e Safety considerations

e Quality of the work and presentation of the model

An example of a student’s evaluation of the steering mechanism of the snowmobile (Engineering —

Technology Project: Design 2011) is detailed below.

“The steering mechanism works quite well as detailed in the results of the steering tests carried out.
Having the steering column orientated vertically meant that the construction of the steering
mechanism, using the rack and pinion, was made much more straightforward. However, the
positioning of the handlebars to the driver is awkward and would require that the driver is leaning
forward over the bars in order to steer the snowmobile. If I was to remake the model again | would
position the steering column at an angle, which would make the positioning of the rack and pinion
much more complicated, but it would guarantee that the driver would be more comfortably

positioned and mimic the real thing more closely.”
A similar level of evaluation should be presented for the various other requirements of the project.
Appendices

Appendices may be included to present other relevant information e.g. photographs of the completed

artefact.
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A guide to the Engineering — Technology Project: Design

Leaving Certificate Engineering affords students the opportunity to
develop skills in creativity, problem solving, innovaticn, research, enterprise,
design, manufacture and reflection. ICT is an integral part of this

learning environment.

The student project provides the medium through which some or all of
these skills may be expressed and assessed.

The purpose of this document is to offer guidance to both teachers
and students on possible approaches to successfully completing the
Engineering — Technology Project: Design.
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