Crumple zone activity
Technical Guide

Introduction

In this activity, pupils will make bumpers for a dynamics trolley. The trolley will be crash-tested by running it down a slope into a wooden block, with and without the bumper. The aim of the activity is to design a bumper that minimises the deceleration of the trolley in the crash. The trolley should therefore be fitted with an acceleration sensor. If an acceleration sensor is not available, the trolley can be collided into a force sensor.

Note that some acceleration sensors are fitted with a cable to transfer data to a computer, others are wireless and some use LEDs to indicate the approximate acceleration.

Basic Set-Up (1)


Basic Set-Up (2)

If an acceleration sensor with a data cable is used, the activity must be set up in such a way that the cable does not unduly impede the trolley’s progress.

Set the acceleration or force sample rate to be as high as possible as the large accelerations are short-lived. You will need to experiment to find a suitable height of slope and suitable release point for the trolley. If the slope is too high or the trolley is released too far up the slope it is possible that the acceleration or force will go beyond the scale of the sensor due to the relatively large impact velocity. 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. A symptom of too large an impact velocity is that the acceleration peak does not appear to diminish when bumpers are added. Before taking any measurements, the user should 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.

Apparatus

Per class:
Trolley runway;



Trolley;

Blu-Tac or similar;



Lab jack or blocks to raise runway;



Acceleration sensor or force sensor;



Computer and interface for above;



Block to collide with.

Optional: glue gun, balloon pump, method of measuring velocity prior to impact, e.g. light gate, mask, timer or ultrasonic sensor and interface.

Note: 
The block or force sensor must remain fixed and thus may need to be clamped into position.

Per group:
Scissors;


Sticky tape;


Selection of materials- e.g. card, paper, wooden or metal blocks (dimensions similar to the end of a trolley, “sausage” balloons, sponge, bubble wrap, corrugated cardboard or Corriflute, expanded polystyrene.

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.
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