The Cassini-Huygens Mission to Saturn and its Moons
Identifying the type of surface on a model of Titan, Saturn’s largest moon.

Introduction

Figure 1 Artist’s impression of the Huygens probe | anding on Titan
(Courtesy NASA/JPL-Caltech)

The NASA/ESA/ASI* Cassini-Huygens mission to Saturn and its moons began
back in October 1997 with a launch from Cape Canaveral. Seven years later on
Thursday 1 July 2004, having travelled some 2.2 billion miles, the Cassini
orbiter with its Titan probe Huygens, went into orbit. On Christmas Day 2004
the 318kg Huygens probe (see Figure 2) was released from the orbiter and
entered Titan's atmosphere on 14 January 2005 and landed shortly afterwards
on this moon’s surface.

Surface Science Packa

Piezoelectric
force sensor

Figure 2 Huygens probe (Courtesy Planetary and Spac e Sciences Research Institute,
The Open University)

* NASA — National Aeronautics and Space Administration, ESA — European Space Agency,
ASI - Italian Space Agency
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The Huygens probe, named after the Dutch physicist and astronomer Christiaan
Huygens (1629-1695) who discovered Titan in 1655, has been designed to
investigate Titan’s atmosphere and surface. Here you will be modelling part of
its Surface Science Package (SSP) — the force sensor (ACC-E) — which, on
contact with the surface, provides a Force-time graph of this probe’s impact.

Your task will be to use a force sensor to identify the type of ‘mystery’ surface
on which a model of Huygens is dropped by comparing the Force-time graph
obtained with those produced by impacts with a series of known surfaces.
Examples of what might be expected on Titan are shown in Figure 3 and were
obtained by Dr Ralph Lorenz (see Figure 4) when working on his PhD thesis at
the University of Kent back in 1994. He is now at the Space Department,
Planetary Exploration Group, John Hopkins University Applied Physics
Laboratory, Laurel, Maryland, USA.
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Figure 3 Force-time graphs of drops at 5m/sinto (a ) sand, (b) clay, (c) fine gravel (8mm
particle size) and (d) medium gravel (15mm particle size) (Courtesy: Ralph D Lorenz.
Exploring the Surface of Titan. PhD thesis Universi  ty of Kent at Canterbury 1994)

Figure 4 Dr Ralph D Lorentz at the Paris Air Show i n 1995
with the Huygens probe in the background
(Courtesy: Ralph D Lorenz)
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You might like to see what Ralph has been up to and what his non-space
interests are too. Visit his homepage at http://www.Ipl.arizona.edu/~rlorenz/

Measuring forces

The force sensor on the Huygens probe is acting as a penetrometer and can
measure forces in the range 5N to 2000N at a rate of 10000 samples/second. It
is made of a piezoelectric crystal of the ceramic PZT-5A (lead zirconate
titanate) used in ultrasound imaging for both the production and reception of
ultrasound.

Figure 5 Force sensor ACC-E on the Huygens probe
(Courtesy Planetary and Space Sciences Research Ins  titute, The Open University)

This device behaves in a similar way to a piezoelectric gas-lighter which, when
its ‘trigger’ is squeezed, generates a large electric charge. This charge in turn
produces an electric field and a voltage across the crystal resulting, in the case
of the gas-lighter, of a spark jumping a small gap to light the gas but, with
Huygens, voltages which relate to the impact forces. The crystal pick-up on a
gramophone record player used the same principle, as does a crystal
microphone.

Most of the force sensors available to schools and colleges to use with
dataloggers are based on the 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 6. They can vary in size from less than a millimetre to 10cm
long.

Figure 6 Strain gauge

As a force is exerted on that surface making it bend, 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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Setting up your investigation
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Figure 7 Setup of LabQuest with Huygens Titan lander

You will have been provided with a large pipe in which an unknown material -
sand, clay, fine grit or slightly coarser gravel - has been poured to a depth of
10cm. This is to represent the surface material on Titan. Attached to the rod
sticking out of the lid attached to the pipe, but hidden from view, is a force
sensor which has been plugged into Channel 1 on the rear of the LabQuest.
You can see the set up of this system in Figure 7. Do not take the lid off to look
inside the pipe, it will spoil the puzzle. Check that the rod is raised as far as it
can go and anchor it securely with the clothes peg.

You will also have been given a set of Force-time graphs which have been
previously obtained by dropping the force probe onto the materials mentioned.
Your task is to suggest which material you think is in the base of your pipe.
There will not be a perfect match, so look for particular features and values to
help you decide which material is most likely. If there is time you might be able
to exchange your pipe for one that a colleague has been investigating and see
what you think is inside that.

In this investigation you will need to set a ‘trigger level’ to start the datalogger
collecting data as the penetrometer force sensor first makes contact with the
unknown material. A fairly fast rate of sampling will be needed to collect data
whilst the penetrometer head goes into the material. The Huygens probe
sampled at a rate of 10000 samples/second (10kHz), but rates of 1kHz and
above should be fine. A suitable time to collect data over is also required, so
think about how long such a probe might take to come to rest after contact with
sand, grit, gravel or clay.
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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 8.
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Figure 8 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.

Now tap the Rate box to display the initial Data Collection screen much like that
shown in Figure 9.
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Figure 9 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. This rate is not as fast as that on the Huygens
probe but is fast enough for this activity. Set the Length (time over which data
will be collected) to just 1s.

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 overleaf in Figure 10.
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Figure 10 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
11.
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Figure 11

You are now ready to collect data.

Tap the Start/stop collecting data  button . A box will then display as in
Figure 12 overleaf indicating that it is waiting for force values to rise above
0.5N, the triggering force.
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Figure 12 Waiting for trigger value to be reached

Hold the lid firmly down on the top of the tube and release the clothes peg.
After a few moments the graph of Force against time should be plotted, similar
to that displayed in Figure 13.

Figure 13 Force-time graph of impact in model Titan surface

The important section of 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 you would like expanded. You should
get a shaded area displayed as in Figure 14.

Figure 14 Shaded area selected for expansion
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Tap Graph and Zoom in the resulting drop-down menu to obtain a zoomed-in
display like that of Figure 15.

Figure 15 Zoomed-in section of graph

With the landing on Titan there was just one chance of collecting data and,
fortunately, this was successful. However, 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 to its highest point and anchor it with
the clothes peg. Tap the Start/Stop collecting data button and then
release the clothes peg. Expand the graph as indicated previously.

Analysing the data

Compare the graph displayed, your impact signature, with the specimen Force-
time graphs you have been given.

Reporting your findings

(a) Note down which ‘Titan surface’ label is on the pipe you have been using.
Report which material you suspect is at the bottom of the pipe and why —
note the key features of the graph which affected your choice.

(b) Figure 16 shows the actual Force-time graph (impact signature) obtained by
the Huygens probe.

Figure 16 Force-time graph obtained by the Huygens probe on landing on Titan
(Courtesy Rutherford Appleton Laboratory Space Elec  tronics Group and the Planetary
and Space Sciences Research Institute at the Open U  niversity)
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With reference to the Force-time graphs shown in Figures 3 and 16 comment
on how the impact force changed with time, how fast the changes were, and so
suggest what might be the nature of the surface of Titan that Huygens impacted
on.

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?’.

Now press the silver ON/OFF button to switch LabQuest OFF.
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