Investigating the motion of a model dragster

Introduction
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Figure 1 Wildside Top Fuel dragster (Copyright Datron Technology Ltd 2004)

Just how fast does a dragster travel and how great is its initial acceleration?
These are just two of the many sets of data that were collected from the Wildside
dragster, see Figure 1, using dataloggers from Datron Technology as shown in
Figure 2.
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Figure 2 Datron Technology’'s microSat datalogger and associated sensors and display
(Copyright Datron Technology Ltd 2004)

It is not just dragsters that would have such dataloggers on-board, F1 racing cars
constantly have data from them sent back to the engineers in both races and in
test runs, and more ordinary vehicles have performance data collected in proving
ground tests.

The speed-time graph in Figure 3 overleaf shows how the motion of this dragster
compares with that of three other vehicles, including an F1 racing car.
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Figure 3 Speed-time graphs for four vehicles (Copyr  ight Datron Technology Ltd 2004)
Further sections explain what is meant by speed, velocity and acceleration, how
these are measured, how the datalogger is set up, and how to analyse the data.
Refer to these sections as necessary.

What are meant by speed, velocity and acceleration?

The average speed of an object is defined as the rate of change of distance
moved. So itis calculated from the expression:

Average speed = distance moved , time taken to move

Speed is a scalar quantity and so the direction of travel is not taken into account.
The average velocity of an object is rather different. Velocity is a vector quantity
and so the direction of movement is taken into account. It is defined as the rate
of change of displacement, where displacement is the straight-line distance
between the object’s starting and finishing points. So it is calculated from the
expression:
Average velocity = change of displacement  time taken to change
or

The gradient of a Displacement-time graph

Negative values of velocity indicate movement in the opposite direction to those
having positive values.
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To accelerate means that an object is increasing in velocity as it moves. It is
defined as the rate of change of velocity and is calculated from the expression:

Acceleration = change of velocity ,, time taken to change
or
The gradient of a Velocity-time graph
So, to calculate an acceleration you need to measure an object’s velocity at least
twice, and also record the time between each of these measurements. If a
negative value for an acceleration is obtained it means that the object is slowing
down or decelerating. Note that with calculations of acceleration it is velocity
and not speed that is involved.
Although it may seem slightly odd, if the direction of movement of an object
changes, even if its speed remains the same, it would be said to be accelerating.
Hence objects rotating in a circle are accelerating all the time.

Measuring time, speed, velocity and acceleration

There are many ways in which these factors can be measured but here you will
be using a photogate or light-gate.

Figure 4 Photogate (one of two designs)

A photogate is a device which, when connected to a datalogger, can record the
times when its light or infrared beam is broken or reconnected. When the beam
is uninterrupted a voltage near 5V (digital logic state 1) is sent to the datalogger.
When the beam is obstructed a voltage of a little above 0V (digital state 0) is sent
to the datalogger. The voltage output of the photogate is being recorded
continuously and so, by analysing what the voltage or digital state is at any one
time, the computer can detect whether or not something is interrupting the beam.
Most photogates use a photodiode to detect the beam.
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Whilst a photogate can just obtain discrete data at one point it can also, by
running a picket fence bar tape through it, monitor motion near continuously.
The interest here is in investigating the motion of a rubber-powered model
dragster. The Vernier bar tape has a spacing of 1.525cm between each opaque
bar, with a transparent bar in between as shown in Figure 5.
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Figure 5 Picket fence bar tape
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Times are recorded at each of the bar tape’s leading edges to each opaque
section as they pass through the photogate. With the computer/datalogger
having been programmed with the fact that the spacings between successive
leading edges are 1.525cm so Displacement-time graphs can be plotted. Tapes
with other spacings are also available.

Additionally the average velocities over these times can be calculated and
Velocity-time graphs plotted from which you can both see how the velocity
changes with time and also obtain the maximum velocity achieved. By looking at
how the gradient of the Velocity-time graph changes with time you will also be
able to see how the model dragster’s acceleration changes.

NOTE: Do not try to use the Acceleration-time graph that can be displayed. The
inaccuracies introduced through so many calculations make this a not very useful
graph.

Your task

To see how:

the maximum velocity of the model dragster is related, if at all, to the
winding up of its rubber band

the model dragster's velocity changes with time as its rubber band
unwinds

the model dragster's acceleration changes with time as its rubber band
unwinds.
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Setting up your investigation

You will be using a K’'Nex ® rubber band racer, either previously constructed for
you, or that you will have to make. One version is shown in Figure 6.

Figure 6 A K’'Nex rubber band racer

Mount the photogate on a retort stand and place this on the floor (or on a long
bench) and connect the linking cable between it and the DIG 1 port on the side of
LabQuest. If mains power is available connect the power adaptor to LabQuest
and switch ON by pressing the silver ON/OFF button in its top left-hand corner. If
you have the older non-autosensing version of the Vernier photogate you will see
a screen display very similar to that shown in Figure 7.

I File Sensors |: gs :
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Figure 7 Opening screen with non-autosensing photog ate, so photogate not recognised

If this is so, tap Sensors and then Sensor Setup in its drop-down menu to
reveal a Sensor Setup screen like that of Figure 8 on the following page.
Otherwise move on to Figure 10, also on the following page.
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CH L | no senzor

CH2 ‘ No Senzor

CH 3 | No senzor

CH4 | No senzor

DIG L | no senzor

DIG 2 ‘ No Senzor

INT | Internal Temperature

Sensor Setup

Figure 8 Sensor Setup screen

Tap on the down-arrow alongside DIG 1 and select Photogate from its drop-
down menu so that the Sensor Setup screen now appears as in Figure 9.

CH L | No senzor

CH 2 | No senzor

CH 3 | o senzor

CH4 ‘ No Senzor

DIG 1 I Photogate

DIG 2 | no senzor

INT | Internal Temperature

Sensor Setup

@) B =, 10:21aM

Figure 9 Sensor Setup screen with Photogate selecte  d

Tap the OK button. You should now see, as in Figure 10, that LabQuest has
identified the Photogate as being connected.

7% File Sensors

DIG 1: Gate State

Unblocked

) B = o, 10:22AM

Figure 10 Screen showing that the Photogate has bee  n identified as being connected
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Now tap File and Settings in its drop-down menu to reveal the LabQuest
Settings screen shown in Figure 11.

Angle Units for Trigonometric Calculations:
O Degrees ® Radians

Number of Points for Derivative Calculations: 7 ‘ b« ‘

LabQuest Settings ;‘_Cance_l‘é oK |

‘1, 10:25AM

Figure 11 LabQuest Settings screen

Tap on the down-arrow alongside ‘Number of Points for Derivative Calculations’
and set it at ‘15’. Leave the radio button setting for ‘Angle Units for Trigonometric
Calculations’ at whatever it is set at.

NOTE: The Number of Points for Derivative Calculations can be looked upon as
a means of smoothing or averaging data over more/less points when calculating
Velocity-time and Acceleration-time data.

Tap the OK button to return to the screen shown in Figure 10.

Tap on the Mode box to display a data Collection box similar to that of Figure 12.

Mode: Photogate Timing [v |

Photogate Mode: Mation \z|

@® Vernier Picket Fence

O Pulley (10 spoke)

O Bar Tape

O User defined ).0¢ m

O with the Stop button
End data collection
® after 16 events

Data Collection [Canceli| ok

i, 10:47AM

Figure 12 Data Collection box

If Photogate Mode: Motion is not displayed, tap on the down-arrow alongside
and select Motion from its drop-down menu to obtain the screen shown in Figure
12 above.
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You will be using either the Vernier Bar Tape or another similar tape with slightly
different spacing between adjacent opaque bars. If it is the Vernier Bar Tape that
you are using then tap the radio button alongside Bar Tape. You should see that
‘0.01525 m’ is automatically displayed alongside User defined. If you are using
another tape, tap on the radio button alongside User defined and then, with the
aid of the on-screen keyboard, type in the distance (in metres) between adjacent
opaque bars on that tape. Also ensure that the radio button indicates ‘End data
collection with the Stop button’.

Tap the OK button. This should again take you back to the screen shown in
Figure 10. LabQuest is now set up.

Attach a 2m length of the bar tape to the rear of the model dragster using a piece
of sticky tape and arrange it so that it passes directly in front of the photodiode on
the photogate, most of it being to its rear as shown in Figure 13.

Figure 13 Photogate, tape and model dragster

Make a copy of the data table shown below in Figure 14.

Number of winds of wheels Highest velocity Average highest
and rubber band achieved m/s velocity m/s
0
2
3
4
5
6

Figure 14 Data table for results of investigation
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Set the model dragster in ‘ratchet’ mode and rotate the large wheels through six

complete turns so winding up its rubber band. Whilst holding the model dragster

still, release it from ‘ratchet’ mode, tap the Start/stop collecting data  button
and let the model go. As soon as the tape has passed through, or the

model dragster has stopped, tap the Start/stop collecting data  button

again.

You should now see two graphs displayed similar to those shown in Figure 15.

Figure 15 Distance/displacement-time and Velocity-t  ime graphs of motion

You only need to refer to Velocity-time graphs so tap on Graph, Show Graph
and then Graph 2 to display the lower Velocity-time graph only and tap on the
graph at its highest velocity, as in Figure 16. NOTE: Ignore any extra high
‘spikes’.

Figure 16 Velocity-time graph with highest velocity marked

Note the value of the highest velocity shown in the Velocity box on the right-hand
side of the screen and enter it into your data table together with the number of
winds you gave the model.
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Again set the model dragster in ‘Ratchet’ mode and wind it up with the same six
turns of its wheels. Set the dragster in position by the photogate again with the
bar tape passing in front of the photodiode. Hold it still and release it from
‘ratchet’ mode, tap the Start/stop collecting data  button again, let go of
the model dragster and tap the Start/stop collecting data button when
either the tape has all passed through the photogate or the dragster has stopped.
The new Velocity-time graph will automatically display. Tap on the highest
velocity and again note its value down in your data table. Repeat once more so
that you have three readings, entering the highest velocity in your data table
each time.

Now repeat this process for five, four, three and two winds.

Q1 How does the model dragster’s velocity change with time? Explain.

Q2 How does the model dragster’s acceleration change with time? Explain.
Further analysis of your data

Calculate the averages of the values of the highest velocities achieved for each
winding and enter that into the column headed ‘Average highest velocity
achieved'.

Either draw a graph of Average highest velocity achieved by the model dragster
against Number of winds, or enter the data into an automatic graph plotter such
as Simple Data Handling, a spreadsheet or into empty data columns of Logger

Pro, and then obtain a graph plot. Try various curve-fits if they are available.

Q3 What relationship was there, if any, between the Average highest velocity
achieved and the Number of winds?

Deleting data sets and finishing

To leave things set up for other users tap File and Quit and then Discard in
response to ‘“You have unsaved data. Do you wish to save or discard the data?’.

Unplug the photogate from LabQuest and then press the silver ON/OFF button to
switch it OFF.
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