Crumple Zone Activity
Teachers’ Guide

Introduction

This is an activity related to the following Curriculum for Excellence outcome:

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.

SCN 4-07b

 (S3)

It is also relevant to N3, 4,5  and Higher dynamics.

Prior Learning

It is assumed that prior to undertaking the activity, pupils will have studied Newton I and II and will be familiar with calculations involving acceleration, change in speed and time and force, mass and acceleration. They will not be required to perform these calculations in this activity but should be aware of the qualitative relationships between these quantities.

The Activity- Challenge

The activity is a group task, and uses a thinking skills methodology, though it could also be easily adapted to be an enterprise activity. Pupils are shown a standard lab trolley and told that they are going to customise it, not to make it more stylish (though their design can be stylish) but to make it safer in a collision. They have to design a bumper that will attach to the front of the trolley with re-useable “tack” adhesive (e.g. Blu-Tac). The bumper should not add more than 2 cm to the length of the vehicle and should not affect its performance appreciably. The pupils can be shown the materials available. These should be a mixture of deformable and non-deformable, e.g. wooden or metal blocks, card, expanded polystyrene, sausage balloons, corrugated cardboard or plastic etc. Their design will be tested by letting the trolley run down a slope and colliding it, with and without the bumpers, head-on into a wooden block. Depending on the time available, you may wish to give the pupils time to research car safety. Included in the pack is a set of cards each showing  pictures of six different cars. These cards could be used as discussion starters. They pose the question, “Which car is the safest?” (Actually, all the cars on the worksheet have a 5 star NCAP rating, except for the tough-looking white pickup truck). One aim of this sheet is to get pupils thinking beyond driver safety to passenger and pedestrian safety. Ideas of primary and secondary safety could be introduced at this point. Primary safety is related to avoiding accidents and includes features such as good brakes, lights, ergonomics, driver aids and so forth. Secondary safety is all about protecting people once a crash has happened – seat belts, airbags and crumple zones etc. The pupils could also be asked about assessing safety. Some will know about NCAP rating. 

In this activity we are directing them towards minimising the negative acceleration during the collision. Thus, we need to start a discussion, stimulated by an observation and question such as:

In any collision, there will be a change in speed. Is it safer for this change to happen over a long or a short time? In other words, should vehicles be engineered so that there is a small or large deceleration during a collision?

It is appreciated that some teachers prefer not to use the term “deceleration”, favouring “negative acceleration”.

The following websites should help:

http://www.euroncap.com 

http://www.rospa.com/roadsafety/advice/motorvehicles/index.htm
http://www.trl.co.uk
http://www.nhtsa.gov/ (USA)

There are two likely misconceptions that pupils may have. They may assume that a large deceleration is better than a small one as it will bring the vehicle to rest more rapidly. Also, they may think that a safe car is one that is undamaged in a collision. By the end of this part of the activity, pupils should understand that it is desirable to minimise acceleration during an accident.

The Activity- Discussion and Collaboration
Having introduced the activity and discussed safety in general terms, it is a good idea to then group the pupils and have them discuss suitable designs. You may wish to show them the available materials. Monitor their talk and challenge any misconceptions by questioning. 

Having decided on a design, pupils should then build bumpers. They can build one prototype that they may test prior to having their final design tested.

The Activity- Testing

Introduce the accelerometer. Separate guides are included on how to use the software and on attaching the accelerometer to a trolley.


Pupils should be involved in establishing a valid scientific test. What variables need to be controlled? How do we test that the bumper is not significantly affecting the acceleration of the trolley?  See also the section Practicalities below.
Example results are shown below. Note the different scales on the axes. The sensor used was mounted such that accelerations were shown as positive during collisions.
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	Crash test- no bumper
	Crash test- bumper. Note the series of diminishing peaks where the vehicle has bounced back up the track then rolled into the block again.


The Activity- Reflection

Pupils should look for common features in the best designs. Note that some designs, particularly those using balloons, produce low accelerations but send the vehicle bouncing back in the opposite direction. This can lead to discussion on the advantages of a design that is energy absorbing. Note that safety barriers on motorways are generally designed to bring vehicles to a standstill, not to reflect them back into traffic.

Moral, Ethical and Social Issues

There is a saying amongst road safety professionals that the safest car is one with a spike sticking out the steering wheel. Pupils can be given this phrase and asked what they think it means. This can then lead to a discussion on whether there is any disadvantage in making safer cars. Does it encourage less responsible behaviour? Should cars with low NCAP scores be banned in countries with national health services? Taxpayers have to pay for the health care of people injured in accidents. It is important that pupils are aware of the role of the driver in safety.
An Enterprise Approach

This entire activity could form part of a series of “enterprise” themed lessons. Each group is a car design company, trying to make the safest car. They can come up with a company name and logo, build their bumper and do a presentation, including perhaps a Powerpoint, to sell their idea to a judge or judges.

Practicalities

We found that large decelerations were produced when the unbumpered trolley collided with the wooden block, even from quite modest speeds. Our accelerometer could measure up to (60 ms-2. This was easily exceeded unless our slope was limited to around 5o, with a run of about 20 cm before colliding. Our sensor was set to take 500 readings per second. Make the sampling rate as high as possible as some of the large accelerations are short-lived. Before taking any measurements, place the trolley at rest on the track and zero the accelerometer if necessary. This is mentioned because the likes of the Vernier wireless accelerometer gives the component of g down the slope as the acceleration when at rest. The trolley board we used had a “stop” at the end. We placed the wooden block in front of this stop so that it would not move during the collision.

In the interests of a valid test, we have gone for taking a single trolley per class and adding bumpers to it in turn. Pupils could probably be more creative if they were given a trolley per group, but it would then be very difficult to control variables in order to compare each group’s design.

Our accelerometer had a facility by which acceleration could be integrated in order to yield velocity. This allowed us to check whether bumpers adversely affected the performance of the trolleys. In practice, provided the bumper did not brush against the track, there were no significant adverse effects. You may wish to have a light gate, mask and timer set-up or ultrasound sensor and interface to allow the pupils to check that the velocity prior to impact is not significantly affected by their bumper.

Health and Safety

Hazards in this activity include cuts and puncture wounds from scissors, burns from molten glue if a glue gun is used, infection hazards from blowing up balloons and choking hazards, again from balloons.

If glue guns are used, pupils should be warned not to allow molten glue to come into contact with their skin. Low melt glue guns are a safer alternative. If balloons are to be inflated by mouth, pupils should not share balloons. A balloon pump is a safer alternative.

Note that dealing with motor vehicle collisions takes sensitivity. Be aware that for a number of pupils the topic will have unpleasant resonances. This does not mean that the topic should be avoided. On the contrary, raising awareness of the dangers of motoring and the need for responsible behaviour is arguably an essential part of a child’s education. In many areas of the country, particularly rural areas, road traffic collisions will be one of the most common causes of death or serious injury amongst young people.
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