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Introduction

The materials in this pack form one of a series of units which
promote the teaching and learning of engineering in the
secondary school curriculum.

This module was developed by a school-university partnership
involving Balfron High School (Roy Pearson) and the University
of Strathclyde Department of Electronics and Electrical
Engineering (Gareth Pierce, Craig Michie and Martin Judd).
The team developed these materials on the basis of the original
Pimp My Trolley material created and published by the Scottish
Schools Equipment Research Centre (SSERC) and gratefully
acknowledges their debt to SSERC (2 Pitreavie Court, South
Pitreavie Business Park, Dunfermline, Fife, KY11 8UB; Tel.
01383 626070; http://www.sserc.org.uk )

This school-university partnership was one of a number

of collaborative networks of school and university staff in
Electrical and Electronic Engineering (EEE) created by the
Engineering the Future project. These enabled staff and
students from schools and universities to work together to
create exciting and innovative programmes for school pupils,
supported by world leading engineering research groups. These
materials have already been trialled successfully in secondary
schools across Scotland.

In the words of pupils involved: ‘It’s more fun, so you want to
know more about physics.” — ‘A lot of work: challenging but
you’ve accomplished something, it ‘clicks’ and you remember it.’
— ‘... instead of being told step by step what to do you get to vary
it yourself.” — “...it just made you feel really smart once you’d
done it.’

Engineering the Future is a 3-year project funded by a major
grant from the UK Engineering and Physical Sciences Research
Council (EPSRC) which is running from October 2006 to early
2010. It involves staff from the Department of Electronic and
Electrical Engineering in the University of Strathclyde and
from the Departments of Electronics and Electrical Engineering
and of Educational Studies in the University of Glasgow and
science teachers in some 20 secondary schools in 9 education
authorities in Scotland and in 2 independent schools. The
financial support afforded to the project by EPSRC is gratefully
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Technology
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acknowledged as are the advice and encouragement provided by
EPSRC and by the Universities of Strathclyde and of Glasgow.

Engineering the Future was planned in response to the general
recognition that engineering in this country, in particular
electrical/electronic engineering, faces serious challenges.

The number of young people taking up university engineering
courses is low and becoming lower. Many young people —
including ambitious high achievers — have very limited or
distorted ideas about what engineering involves. In particular,
they do not associate a creative, inventive, problem-solving and
entrepreneurial approach to life and work with their science
and mathematics work — an approach essential for equipping
individuals with the skills necessary to meet the needs of today
and the demands of tomorrow.

This is not a matter of academic interest. Engineers use science
and mathematics, in conjunction with the tools of technology,
to create new systems, infrastructures, devices, products and
commodities for the overall benefit of society.

There is an urgent economic need to embed and highlight
engineering in the school curriculum. Engineering, the
application of scientific and mathematical knowledge to
practical issues, needs and problems, is fundamental to the
creation of new technologies and sustainable industries.
Engineering requires and supports the development of high
levels of scientific and mathematical competence in the
service of useful design, creativity, innovative thinking and
problem-solving. It requires and fosters the confidence,
drive, determination to succeed, teamwork and business
acumen necessary to promote economic enterprise. There is
an economic need for a larger number of engineers, high level
engineering graduates and very capable technician engineers,
with such skills to build a strong indigenous high-tech economic base.

We hope that you find these materials useful.
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Teacher Guide

Outline of engineering activity

Pupils are asked to design, try out and modify a crumple zone
for a vehicle to achieve and measure the maximum reduction in
the force of an impact.

This is an SSERC activity that has been added to so that it can
be used in the classroom with an engineering focus. It links to
physics work related to forces and engages pupils in practical
trialling and explanation of ways of designing effective ‘crumple
zones’ for vehicles.

Engineering and learning
principles

The activity focuses on two main engineering aspects:
+ the real problem of car safety

« measurement using a wireless accelerometer that highlights
excellent engineering technology.

Engineering characteristics of the activity include:
« aproblem solving orientation
« the need to optimise solutions

« using systems approaches — understanding how things work
together

« teamwork
« use of electronic measuring equipment.

The activity involves individual independent thinking and
group collaboration to understand and apply knowledge about
forces and materials and to evaluate and improve the solutions
proposed through practical trials.
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Learning outcomes

« Understand how the properties of some materials enable
them to disperse impact forces more effectively than others.

« Understand how engineers solve problems — by applying
scientific knowledge (about forces and the properties of
materials) to a meet practical need.

« Be able to explain/justify the design of a crumple zone in
terms of scientific principles and practical trial results.

» Understand the importance of a team approach to an
engineering problem and develop team working skills in the
process of solving it.

« If undertaking the optional additional activity — Contribute
effectively to a clear presentation about the project, which
explains the reasons for the engineering decisions taken.

Curricular links

Curriculum for Excellence
Sciences

SCN 4-07b By making accurate measurements of speed and
acceleration, I can relate the motion of an object to the forces
acting on it and apply this knowledge to transport safety.

Literacy

LIT 3-02a When I engage with others, I can make a relevant
contribution, encourage others to contribute and acknowledge
that they have the right to hold a different opinion. I can
respond in ways appropriate to my role and use contributions to
reflect on, clarify or adapt thinking.

If undertaking the optional additional activity —

LIT 3-09a When listening and talking with others for
different purposes, I can:

« communicate information, ideas or opinions
« explain processes, concepts or ideas

 identify issues raised, summarise findings or draw
conclusions.

LIT 3-10a I am developing confidence when engaging
with others within and beyond my place of learning. I can
communicate in a clear, expressive way and I am learning to
select and organise resources independently.
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Standard Grade
Physics

Unit 5: Transport Section 2: Forces at Work

Structure and timing

1. Introduction and designing the bumper/crumple zone:
The teacher introduces the topic and engineering, using the
video ‘Collisions’, and outlines the design activity. Working
in groups and to the design constraints, pupils construct and
trial their bumper/crumple zone. 1-2 periods

2. Crash-testing and judging the bumper/crumple zone:
The pupils are shown the test equipment and under the
direction of the teacher establish a fair scientific test for
the bumpers/crumple zones. Each team’s bumper/crumple
zone is evaluated using the test equipment and judged for its
aesthetic qualities. 1-2 periods

It is recommended that the design and trialling stages are kept
separate from the testing for safety stage.

Key resources

« Lab trolley and track.

« Trolley-mounted accelerometer (e.g. Vernier WDSS) or force
SEensor.

« Lab jack or blocks to raise runway.
« Block to collide with.

« Computer and interface for the accelerometer or force
Sensor.

» ‘Collisions’ video (available from http://www.
classroomvideo.co.uk/Product.aspx?id=78) and/or
appropriate materials to support the physics of crumple
Zones.

« Card, cotton wool, bubble wrap, wire wool, polystyrene,
packaging card, balloons and other suitable materials.

+ Glue, blu-tack, sellotape and scissors.
« SSERC Pimp my Trolley Activity Sheets.
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Activity 1

Introducing the Project

See the introductory PowerPoint presentation ‘What are we
going to learn today’ and the SSERC ‘Pimp My Trolley Teachers’
Guide’.

The teacher should set the background to the project — the
real problem of car safety — mentioning the characteristics of
engineering that are involved in the challenge:

« aproblem solving orientation
« the need to optimise solutions

« using systems approaches — understanding how things work
together

o teamwork

« application of scientific knowledge — forces and the
properties of materials

« teamwork
« time management
« creativity

« design.

Preparation

PowerPoint introductory presentation ‘What are we going to
learn today’

SSERC ‘Pimp My Trolley Teachers’ Guide’
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Activity 2

Designing the bumper/
crumple zone

The aim is to build, design and trial a bumper/crumple zone for
a lab trolley, working in groups and within time constraints.

Time Required

1 or 2 periods; 3 periods, if provision is made for groups (and
individuals within them) to explain/justify and discuss their
designs.

Resources required

« ‘Collisions’ video from Classroom Video (http://www.
classroomvideo.co.uk/Product.aspx?id=78) and/or
appropriate materials to explain the physics of crumple
zones.

« Lab trolley and sloped track.

« Card, cotton wool, bubble wrap, wire wool, polystyrene,
packaging card, balloons and other suitable materials.

+ Glue, blu-tack, sellotape and scissors.

« Pupil worksheets — the SSERC ‘Pimp My Trolley Activity
Sheet’.

Preparation

« Prepare and print the pupil worksheets

+ Collect suitable materials for building a crumple zone.
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Procedure

1. The ‘Collision’ video shows typical collisions and talks about
engineers improving safety. It is used to promote classroom
discussion with the pupils, who often have a sound
understanding of car safety.

2. Start the design and development of the bumper/crumple
zone by grouping the pupils appropriately, considering the
amount of equipment and materials available. Point out that
engineers work in teams and ask each group to choose a
team name.

3. Discuss with the pupils what materials might be suitable for
their bumpers/crumple zones and why. Introduce them to
the selection of materials (card, cotton wool, bubble wrap,
wire wool, polystyrene, packaging card, balloons, etc.).
Discuss their properties and how they may behave under the
forces of a crash impact.

4. Hand out the Pimp My Trolley activity sheet and set the
scene, introducing the design brief:

a. the bumper/crumple zone must be designed within a
set time scale

b. it will be judged on the deceleration (or negative
acceleration) of the vehicle in a head-on collision

c. it will be judged on aesthetic design.

5. After an initial discussion on materials and design,
each group may wish to split into design and product
development teams. The teacher should explain that in real
life engineering such a division of labour would probably
occur.

6. Itis recommended that each group should be allowed a
limited amount of access to the track being used to test their
model as they develop it. The teacher should explain that
this is similar to real engineering situations, where engineers
often work to external time constraints and may have only
limited access to expensive or popular test facilities.

7. It should be made clear that the bumpers/crumple zones will
be judged for their aesthetic qualities (possibly by an art or
product design teacher) and that the physical properties will
be measured by the accelerometer. Product development
engineers must work closely with design engineers, the
client and the end user to produce a well designed product
that is fit for purpose and marketable.
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Variation

Include costs for each material in the design brief and add
budget management into the design criteria. The bumpers/
crumple zones would then be judged on safety, design and cost.
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Activity 3

Crash-testing and judging
the bumper/crumple zone

The pupils test their bumper/crumple zone designs using a
wireless accelerometer or force sensor, using a fair crash-test, to
measure the deceleration of the lab trolley.

The designs are judged for their aesthetic qualities, as well as
their efficiency as safety devices.

Time required

1 period

Resources required

« Lab trolley and track.

« Trolley-mounted accelerometer (e.g. Vernier WDSS) or force
SEensor.

« Lab jack or blocks to raise runway.
+ Block to collide with.

« Computer and interface for the accelerometer or force
Sensor.

Preparation

Set up the track and crash-test the lab trolley to make sure that
the acceleration peak changes when a bumper is added.

See the SSERC ‘Pimp My Trolley Technical Guide’.

SSERC recommends limiting the slope to 5° or less, with a track
of about 20 cm before the collision.
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Procedure

1. The bumpers/crumple zones should be judged and
commented on in respect of their aesthetic qualities
(possibly by an art or product design teacher) before the
physical properties are measured by the accelerometer.

2. Discuss the crash-test set up with the pupils and how to
ensure that the bumpers/crumple zones are fairly tested.
Each bumper/crumple zone should then be attached to the
lab trolley in turn and crash-tested under exactly the same
conditions.

3. Prizes can be handed out for the winning designs (overall,
aesthetic design and safest bumper/crumple zone).

4. The summing up should focus on the skills an engineer must
exhibit in a team and the use of fair tests for engineered
products.

Variations

Each team makes a presentation on their bumper/crumple zone
design after it is tested, presenting their material choices and
crash-test results. The teacher should emphasise the importance
of being able to explain the reasons for the engineering
decisions they took. It is desirable to arrange these explanation
sessions so that all members of each group contribute.

A further valuable elaboration would be to agree in advance
with the class the characteristics of a very good account or
explanation of what a team has done and to have the rest

of the class give the presenting group feedback after their
presentation. Such a slightly competitive element encourages all
team members to contribute effectively and to help one another.

This explanation activity could be included before the crumple
zones have been tried out. After the trials, the teams could then
be asked to comment on the results in relation to their earlier
explanations.
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