Investigating Impact Force and Impulse
with a model Mars Lander

Introduction

Figure 1 Artist’'s impression of NASA Mars Rover lea  ving lander
Courtesy NASA/JPL-Caltech

The twentieth century saw a number of spacecraft being sent to Mars, with just
a few — Viking 1 and 2 and Mars Pathfinder, landing safely. On Christmas Day
2003 it was hoped that the British led Beagle 2, part of the ESA Mars Express
mission, would also land safely but unfortunately contact was lost with it.
However, in January 2004 two NASA Mars Exploration Rovers, Spirit and
Opportunity, made successful landings and have since been exploring the
surface of Mars.

So how does one bring about a successful landing? How can the impact force
with a planet’s surface be lessened? The current method is to use a version of
the modern car’s airbag — in this case gasbags — aided by both a parachute and
retro-rockets.

Figure 2 Artist's impression of a Mars lander cocoo ned
by gasbags bouncing on the surface of Mars
(Courtesy NASA/JPL-Caltech)
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The Mars landers entered the Martian atmosphere at around 12000 mph. After
being slowed by parachute, four gasbags, each with six lobes, inflated. Then,
nearing the surface retro-rockets fired to bring the landers to an almost zero
vertical velocity. At the height of a four storey building above the surface the
landers broke free of their parachutes and bounced (as in Figure 2) for up to 0.6
mile before coming to a stop, then deflating and retracting the gasbags. This
done, the landers were able to unfold their lander petals (ramps) and their solar
arrays, so allowing the rovers to move off onto the Martian surface as shown in
Figure 1.

Your task will be to investigate the effect on the maximum impact force and the
impulse of:

not using a ‘gasbag’
using a ‘gasbag’
speed or velocity on impact

The Mars lander will be simulated by a force sensor fitted to the end of an
aluminium rod mounted in a gantry to ensure a vertical fall. As you will have
noted earlier, the landing was aided by four gasbags. Here, for simplicity, you
will use three small foam sponges.

Whilst much of Mars is known to have a rock strewn sand and dust covered
surface, other areas around its poles are covered in ice. Your investigations will
use sand as the landing surface.

The force sensor

The force sensor makes use of strain gauges. A common form of strain gauge
consists of very thin metal foil bonded to a slightly flexible surface as shown in
Figure 3. They can vary in size from less than a millimetre to 10cm long.

Figure 3 Strain gauge

These are then glued to a beam on which the force is exerted making it bend
slightly, so the metal foil stretches and increases in resistance. Incorporated in
an electronic circuit this change of resistance produces a change of output
voltage which is measured by the Analogue to Digital (A to D) converter of the
datalogger.
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The physics involved

Impulse is calculated by the integral of the force acting and the time for which it
acts. When the force is a constant value the Impulse is simply given by the
product of the force and time for which it acts. In this landing situation the force
acting varies over time and so the Impulse is given by F. t which is also the
area under Force-time graph and is easily calculated by this datalogger’s
software.

You may also know that the Impulse is equal to the Change of Momentum,
where the (linear) momentum is given by the product of Mass and Velocity. So,
with a constant force, you would use the expression:

Ft=mv-mu
Where F is the force acting, t the time for which it acts, m the mass of the
device, u its velocity prior to impact and v its velocity after impact. If you are
dealing with a variable force then the expression used would be:

F. t=mv—-mu

The units of Impulse are Ns (Newton-seconds) and those of Change of
Momentum kg m/s.

NOTE: It is velocity that is involved here and not speed, so direction has to be
taken into account.

Setting up your investigations
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Figure 4 Setup of LabQuest with the ‘Mars lander’
You will have been provided with a gantry in which the force sensor, fitted to an

aluminium rod, can move freely up and down. This is your ‘Mars lander’. If not
already done, bolt the jam-jar lid with sponge ‘gasbags’ to the metal plate at the
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base of the force sensor. Place a container of sand beneath the force sensor
so that, on falling, the jam-jar lid with ‘gasbags’ will impact on the sand as
shown in Figure 4 on the previous page.

Arrange the ‘Mars lander’ on the gantry so that the bottom of the sponge
‘gasbags’ is 7.5cm above the surface of the sand. Clamp it in place with the
clothes peg.

If it has not already been done, plug the Force sensor into Channel 1 on the
rear of LabQuest. Also check that the force sensor is set on its 50N range.

Make a copy of the table shown in Figure 5.

Activity Impulse /Ns Impacttime /s Maximum force /N

7.5cm drop with ‘gasbags’

5.0cm drop with ‘gasbags’

7.5cm drop without ‘gasbags’

5.0cm drop without ‘gasbags’

Figure 5 Table of data to copy

In this investigation you will need to set a ‘trigger level’ to make the datalogger
start to collect data as the Mars lander first makes contact with the sand. A
fairly fast rate of sampling will be needed to collect data and a rate of 1kHz
should be fine. A suitable time to collect data over is also required, so think
about how long this model Mars lander might take to come to rest. As
mentioned in the introduction, the real landers made several bounces before
coming to rest.

If mains power is available connect the power adaptor to the LabQuest and then
switch ON by pressing the silver ON/OFF button in its top left-hand corner. You
should then see displayed a screen similar to that of Figure 6.

CH 1: Force
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Figure 6 Opening screen

Tap the stylus in the red CH1:Force box and then tap Zero in the drop-down
menu that appears. This will zero (or near zero) the force sensor. Tap the red
CH1:Force box again and then tap the Reverse box so that an upward force on
the sensor registers positively.
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Now tap the Rate box to display the initial Data Collection screen much like that
shown in Figure 7.

Mode: Time Based ‘ w ‘
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Data Collection

Figure 7 Initial Data Collection screen

Keep in Time Based mode, but change the Rate to 1000 samples/s which
automatically indicates an Interval of 0.001 s/sample. Use the stylus with the
on-screen keyboard to do this. Now set the Length (time over which data will
be collected) to 3s which should accommodate any bouncing.

Touch the stylus on the scroll-bar on the far right-hand side of the screen and
drag it down to display Triggering. Tap on Triggering to reveal the screen
shown in Figure 8.
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Figure 8 Initial Triggering screen

Tap the stylus in the empty box alongside Enable Triggering so that a tick is put
into it. Ensure that the radio button alongside ‘increasing’ is filled (tap on it if
this is not the case) and enter ‘0.5’ into the box alongside ‘across’. Again tap on
the scroll-bar and drag it down a little further to enable you to enter ‘200’ into the
Points Before Trigger box.

These entries will ensure that data will be collected from the time that the force
rises through 0.5N, but will also incorporate data for 0.2s before the impact
occurs. This display of points in advance of triggering is known as a Pre-trigger.

Now tap OK. You should now obtain a screen display much like that of Figure 9
on the following page.
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Figure 9

You are now ready to collect data.

Tap the Start/stop collecting data  button . A box will then display as in
Figure 10 indicating that it is waiting for force values to rise above 0.5N, the
triggering force.
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Figure 10 Waiting for trigger value to be reached

Release the clothes peg to allow the Mars lander to fall. After a few moments a
graph of Force against time should be plotted, similar to that displayed in Figure
11.
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Figure 11 Force-time graph of landing on model Mart  ian surface
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If you did not get a satisfactory impact trace in this simulation, you can make a
further run.  As before, raise the rod to which the force sensor is attached so
that it will fall 7.5cm and anchor it with the clothes peg. Tap the Start/Stop
collecting data button and then release the clothes peg.

This graph will almost certainly need expanding. To do this tap the stylus on
the graph just before the impact has occurred and then drag it to the right to

cover the section showing the landing. You should get a shaded area displayed
as in Figure 12.
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Figure 12 Shaded area selected for expansion

Tap Graph and Zoom in the resulting drop-down menu to obtain a zoomed-in
display like that of Figure 13.
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Figure 13 Zoomed-in section of graph
Your investigations will be analysing just the first impact ‘hump’ so use the

same technique to zoom in on just that ‘hump’ to obtain a graph similar to that
of Figure 14 overleaf.
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Figure 14 Zoomed in section of graph with just the first ‘hump’ displayed

You now need to make some analyses of this graph. First tap the stylus on the
graph at the point where the force just begins to rise and then drag it across to
where the impact has ended. You should note a shaded area as shown in
Figure 15.

Figure 15 Selection of shaded area of graph for ana  lysis

Now tap Analyze, then Integral in its drop-down menu and then tap in the
Force box alongside to produce a screen display similar to that of Figure 16.
This red section will be showing the area, or the integral of the force with
respect to time ( F. t) which is the Impulse recorded on impact. Its units will
be Ns for Impulse. Note its value below Integral and record it in the appropriate
place in your table.

Figure 16 Force-time graph showing, with the red se  ction, the value of
the Impulse on impact
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Also record in your table the Impact time, shown as Time in the bottom right-
hand corner of the screen.

Now tap the stylus on the very highest point on the graph. The value of the
Maximum force on impact will be displayed. Record this also in your table.

It is now a case of repeating the activity with the ‘gasbags’ still in place, but for a
drop of only 5.0cm, and then with the other tin lid in place (without ‘gasbags’) for
both drops of 7.5cm and 5.0cm, recording their data in your table.

Q1 What effect will dropping the model Mars lander from a greater height have
on its landing speed?

NOTE: Before each drop ensure that you zero the force sensor. To do this tap
on the Meter tab  to obtain a display similar to that of the opening screen of
Figure 6. Tap the stylus in the red CH1:Force box and then tap Zero in the
drop-down menu that appears. This will zero (or near zero) the force sensor
again.

Analysing the data and reporting your findings

Q2 What do you notice about the values of the Impulse for the first ‘hump’
when the ‘gasbags’ were attached compared with when they were not
attached? Explain why this is so.

Q3 What do you notice about the values of the impact times for the first ‘hump’
when the ‘gasbags’ were attached compared with when they were not
attached?

Q4 What do you notice about the values of the maximum force obtained for the
first ‘hump’ when the ‘gasbags’ were attached compared with when they
were not attached? Explain why this is so.

Q5 What effect did falling a greater distance have on the Impulse, impact time
and maximum force recorded for the first ‘humps’?

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 force sensor from LabQuest and then press the silver ON/OFF

button to switch it OFF. Carefully unscrew the jam-jar lid from the base of the
force sensor.
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