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Spin of Planetary Probes in Atmospheric Flight

1. INTRODUCTION

The design of planetary probes is a complex matter, with many
interesting technical challenges to which a variety of solutions
exist, e.g. [1, 2]. The purpose of this paper is to discuss some
aspects of the spin of probes in planetary atmospheres, and in
particular to summarize the available experience on the topic.
Although it may seem a fairly straightforward matter, the con-
trol of spin appears to be a rather arcane and poorly-docu-
mented aspect of entry and descent. Further, as evidenced by
the recent and as yet unexplained reversal of the spin of the
Huygens probe during descent [3], it is not easy to get right.

Before focusing our attention on spin during planetary de-
scent, a few remarks about spin prior to and during planetary
entry are appropriate.

2. SPIN

2.1 Spin Prior to Entry

Many vehicles sent into the atmospheres of other planets (or
indeed back into the Earth’s atmosphere from above) have used
spin for stabilization. The most obvious and common require-
ment is to maintain a desired orientation of the vehicle for
hypervelocity entry.

The kinetic energy of an object in orbit or on an interplan-
etary trajectory (with a velocity of perhaps 7 km/s – Mach 25 –
in the first case, or up to 50 km/s in the second) is formidable.
Even in the former case, this energy is comparable with or
exceeds the latent heat of evaporation of most materials. Thus
in order for the probe not to melt or evaporate, most of this
energy must be dissipated somewhere other than the spacecraft.

The approach usually used is to make the probe or at least its
heat shield a blunt body, with a large radius of curvature. This
blunt shape causes a strong shock wave in the hypersonic flow:
the relative airflow is decelerated (leading to conversion into
heat) in this shockwave, rather than at the heat shield itself.
While some fraction of the kinetic energy is still transferred to
the body by convection and radiation (the shock layer will often
glow brightly or even brilliantly – this is after all the process

that makes meteors shine), this fraction of typically a few
percent is much more manageable. Were the entry body to be
sharp-nosed, it would be more stable aerodynamically, but the
heat loads on the nose would be unbearably intense.

Because heat shielding is generally heavy, it is desirable to
only need protection on one side of the vehicle although some
lesser shielding is still required on the back side, to protect
against recirculating flow and against radiation from the hot
wake. This in turn requires the orientation at entry to be con-
trolled (so-called ‘3-axis’ stabilization), by active attitude con-
trol with thrusters (as done with the Apollo capsules and the
Viking landers on Mars), by passive weathercock stability, or
by spin-stabilization.

We do not consider 3-axis control further here. As for
weathercock stability some Russian entry probes [1] to the
planet Venus had a spherical or egg shape, with heat shield
material all around. The centre of mass was offset from the
centre, giving a preferred orientation. A more obvious exam-
ple of this type of stability was NASA’s two Deep Space 2
(DS-2) Mars Microprobes [4], a pair of tiny (4 kg, 30 cm)
entry shells designed to hit the ground at some 200 m/s and
bury penetrators into the ground in 1999. These lightweight
entry shells had their penetrator payloads placed as far for-
ward as possible, giving the system a very strong weather-
cock stability. In fact, the penetrator nose was made of
tungsten (a metal with the remarkably high density of 19
times that of water!) for the express purpose of moving the
centre of mass as far forward as possible for aerodynamic
stability. Vehicles in general must have some static stability
to remain pointing forwards: spin gives additional stiffness
to keep angular excursions in the presence of disturbing
torques to a minimum level. The cases above may be thought
of, then, as similar to the spin-stabilized cases that follow,
but just with a nominally zero rate of spin!

2.2 Generation of Spin and Separation

The generation of spin on a planetary entry probe is usually
performed at, or just before, the moment of separation from the
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delivery vehicle. A number of technical approaches are there-
fore possible, with spin being imparted either by the separation
mechanism, or by spinning the delivery vehicle before separa-
tion. An additional complication is to separate any electrical
cabling – in some cases this is done with a pyrotechnic guillo-
tine, but other approaches are sometimes used as we discuss
below, with missions in roughly chronological order.

The Pioneer Venus probes (Fig. 1) neatly exploited spin
from their carrier spacecraft: the dispersed aim points at differ-
ent locations were achieved [5] by releasing the probes from
the carrier at precisely-controlled times, such that the probes
were slung off with a desired sideways component of velocity
(Fig. 2).

The Large probe was ejected forwards along the bus spin
axis. The three small probes were released tangentially from
the bus, spinning at 48 rpm to provide the desired transverse
delta-V to give entry at dispersed sites (Day, Night and North).
Each probe unwound two weights on 2.4 m cables to despin to
15 rpm for entry.

Although they did not reach Mars (or even escape Earth) the
small stations of the Mars 96 mission were to be spin-stabilized
for entry. At the time of separation from the orbiter the stations
were to be spun up to approximately 12 rotations per second
[6]. “There is also a kind of a wing in the rear end of the Station
helping in stabilising the motion during the entry”.

The Galileo probe was released along the angular momen-
tum vector of the Galileo orbiter, which was spun up to 10.4
rpm prior to release. No additional spin was imparted during
the separation.

Mars Pathfinder and the Mars Exploration Rovers (Fig. 3)
were released from their launchers at 12 +/- 2 rpm (the space-
craft/cruise stage having been slowed from 70 rpm to 12 rpm
by yo-yo despin) and despun to 2 rpm for cruise. Obviously, to
be stable in a spin orientation, the spin axis moment of inertia
must be larger than that of the other two axes. With their cruise
stages attached, these three vehicles were dynamically stable
by having a moment-of-inertia ratio of 1.27. Interestingly, the
sensitive accelerometers on-board recorded a slight periodic
signature (Fig. 4) before Pathfinder encountered the atmos-
phere of 20 or 30 micro-g amplitude (e.g. [7]). The period of
the signal was 110s – comparing this with the 30s rotation
period and the inertia ratio confirms that this is a slight nutation
signal: ωobs = (1-Izz/Ixx)ωspin.

The Genesis sample return capsule [8] was spun up to 15
rpm prior to separation, a rate also used for the similar Stardust
capsule [9]. These entry bodies would experience aerodynamic
instabilities and so required substantial gyroscopic stiffness to
prevent angle-of-attack excursions during the hypersonic entry
heating phase. The Earth return capsule for the Hayabusa mis-
sion, on the other hand, has a centre of mass that is much further
forward yielding more stable flight characteristics, and thus can
spin at a more leisurely 1 rpm [10].

The spin rate on the Genesis capsule was effected (after
pyrotechnic devices first severed the two cable bundles con-
necting the capsule with the bus) by spinning the main bus to 10
rpm, re-orienting for release, and a further spin-up to 15 rpm.
Six push-off springs give a separation delta-V of 0.9 m/s [8] at
an altitude of ~63,000 km and the bus performed a divert
manoeuvre 22 minutes later to avoid Earth impact.

Fig. 1 The Pioneer Venus multiprobe spacecraft being prepared
for launch at Kennedy Space Center. The ‘bus’ spacecraft spun;
the large probe was simply pushed out along the spin axis of the
spacecraft, while the small probes (of which two are visible) are
released to fly out sideways using the rotation of the bus to achieve
the desired dispersion. (NASA)

Fig. 2 Illustration of the PV multiprobe releasing the large probe
(top right) and later the three small probes. The lateral release
(note the curved arm to the right of the carrier spacecraft) provided
the desired aimpoint distribution.

(NASA, artwork by Paul Hudson)

In both the two European-led missions to date, Huygens and
Beagle 2, spin was generated at separation by means of a spin-
eject device. In essence the spring forces to cause separation
were canted in a spiral to produce a couple that gives a spin
around a vector nominally aligned with the separation direc-
tion. This of course leads to an equal and opposite rotational
impulse on the ‘mother’ spacecraft. The Beagle 2 spacecraft
[11] was spun at 14 rpm with a separation delta-V of 0.3 m/s,
using a very compact spin-eject device or SUEM (Spin-Up and
Eject Mechanism, Fig. 5).
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For Huygens [12], the release parameters were a separation ∆V
of 0.3 m/s, and a rotation rate of approximately 7 rpm (Huygens
being a rather more massive probe, and having a longer coast
duration). It should of course be borne in mind that the spin axis
desirably aligns with the velocity vector relative to the target body
at the moment of entry. This will in general be a different direction
from the instantaneous velocity at separation. Thus, while the
separation event may be envisaged (and is often portrayed in
animations and illustrations, e.g. Fig. 6) as pushing the probe away
with a spin towards its target, in reality the separation delta-V is
negligible compared with the velocity of the ensemble relative to
the target body. Indeed, in the case of Huygens, both Cassini and
Huygens were flying away from Saturn and Titan during the
separation event, out towards the orbit of Iapetus. Over the 21 days
between separation and entry, the separating spacecraft pair arced
back towards Titan, having changed their saturnocentric direction
of motion by about 90 degrees. The relative velocity vector at
entry was also influenced of course by Titan’s saturnocentric
motion – all these factors had to be taken into account in determin-
ing the spin direction.

The complication of severing the electrical interface be-
tween the probe and carrier at separation deserves mention. In
the case of Huygens, a low insertion force connector was used,
that was simply yanked out by the umbilical, since this large
probe had strong separation springs. On Beagle 2, the pins
inside the connector were withdrawn [13].

Fig. 4 Pre-entry accelerations recorded by the accelerometers on
the Mars Pathfinder spacecraft, indicating a slight nutation.

Fig. 3 The Mars Exploration Rover inside its entry shield (same
design as the Pathfinder entry shield) and the carrier spacecraft.
Notice how the spacecraft dynamically resembles a flat disk. This
photo was taken around Halloween 2002 – note the decoration on
the fuel tank. (NASA)

Fig. 5  The Beagle 2 Spin-Up and Eject Mechanism.
(Copyright Beagle 2, used with permission)

Fig. 6  Artist’s impression of the separation of Huygens from
Cassini. Although the proportions and directions of the Cassini
orbiter and the probe (note the attach ring on the lower right of
the Cassini orbiter spacecraft) Titan was a mere dot in the sky and
not in the inertial direction of separation.

On Stardust [9] two cable-cutters were first fired. Then,
three pyrotechnic bolts were fired and a spin-eject mecha-
nism induced the separation velocity and 14-16 rpm spin. In
fact [14] the spin rate was originally intended to be 5 rpm,
but the particular circumstances of the very high speed (13
km/s) and shallow Stardust entry were found to induce
aerodynamic instabilities in the transitional flow regime,
and thus the spin rate had to be increased. Fortunately, this
was discovered early in the program, before the spin deployer
specification had been frozen and so the design impact was
not severe.
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2.3 Ablation of Entry Vehicles

A dedicated rocket test [15] was made to investigate this effect.
This sharp entry vehicle (7 degrees, ~1 m in length – characteristic
of a warhead on a ballistic missile, rather than a planetary entry
vehicle) was accelerated to Mach 8.8 on a 3-stage rocket. After
separation at nearly 100 revolutions per second, the spin decayed
to about 50 revolutions per second in only 40 seconds. This rapid
spin-down is believed to be due to fluted patterns formed in the
ablative heatshield. At one point in the flight (at T~18s, 5s after
separation) the other motions (pitch and yaw) reached high rates of
pitch and yaw, presumably due to passage through the roll-yaw
resonance condition. Note that it is likely that this work was not
inspired by planetary science needs, but rather because roll re-
versal of entry vehicles may be a source of delivery error in MIRV
(Multiple Independent Reentry Vehicles) warheads from ballistic
missiles. The effectiveness of a nuclear strike on hardened targets
like missile silos is strongly dependent on how close the warhead
can be delivered – unfortunately soft targets like cities are much
more forgiving in this regard.

Tests in a hypersonic wind tunnel [16] had explored the
formation of fluted patterns. A NASA Ames tunnel was oper-
ated at Mach numbers of up to 10, with the airflow heated by
passing over a hot pebble bed before being expanded in a
nozzle. The models, also slender entry vehicles, were mounted
on a special air bearing in order to permit the vehicle to spin up
or down. Because the speeds and durations required to repro-
duce the conditions of entry are difficult to reproduce, the
ablation effects were explored by making the test vehicle from
a readily-ablatable material. Some tests were made of camphor
(the material used to make Mothballs!); others used ammonium
chloride – a salt that readily sublimes. Spin rates of the model
were monitored initial by a magnetic tachometer, then later
with a photodiode and a reflective surface on the model (it was
noted that the magnetic tachometer in fact produced a braking
torque due to eddy current damping.)

In a minute or so of operation, the ~530 g models would lose
around 40 g of mass by ablation. This mass loss was often in the
form of striated patterns – longitudinal grooves, cross-hatching
and turbulent wedges. The models developed spin in either direc-
tion, without regard to the direction of any initial spin. Slightly
different behaviour was seen with models made from a material
named Korotherm, which melts before it sublimes away. With this
material, perhaps because of melt flow or perhaps because of the
high coefficient of thermal expansion of the material, the models
tended to spin up in the direction of any initial spin.

Clearly the spin of ablating materials in hypersonic flow is a
complex topic, although so far the only planetary mission where an
effect has been obvious has been on Galileo. A peculiarity of the
Galileo probe compared with Venus, Titan and Mars missions is
that the entry speed into Jupiter’s atmosphere was very high –
some 50 km/s (a factor of 7 more than the other missions).
Aerodynamic heating scales as the cube of velocity, and the high
velocity caused by Jupiter’s enormous gravity means the heating
problem is especially acute for Jupiter probes – indeed, the probe
had to be aimed at low latitudes on the dusk side of Jupiter to keep
the velocity manageably low. As the probe falls in from infinity, it
has a speed of 60 km/s; the large planet Jupiter rotates fairly
quickly, such that the circumferential speed is some 10 km/s – by
choosing the dusk limb, the speed of the probe relative to the
rotating air is reduced to 50 km/s. Were the morning limb aimed at,
the speed would be 70 km/s, and the heat fluxes nearly 3 times
higher than at the receding limb.

A result of the high heat loads is that Galileo needed a
formidable heat shield, taking up around half of the probe’s
mass. Some 89 kg of this heat shield was burnt away during
entry. The possibility exists when such large mass loss is en-
countered that it may not be uniform, but flutes or grooves
might be formed in the heat shield material, causing the probe
to quickly spin up in one direction or another.

The probe was released in space with a spin of 10.4 rpm, but
immediately after entry the probe was found to be spinning at
some 33.5 rpm [17]. This was determined using the lightning
and radio emissions detector (LRD) which was able to measure
(inside the heat shield, which obscured optical instruments) the
spin-modulation of Jupiter’s magnetic field. Conceivably simi-
lar spin-ups (or downs) could occur on other high-energy en-
tries with ablating heat shields, such as future Jupiter, Saturn or
Neptune probes.

3. SPIN OF PARACHUTE-BORNE
 INSTRUMENTATION

After a planetary probe enters an atmosphere and slows to conven-
tional aerodynamic speeds, it is often desirable to retard its descent
with a parachute, either to provide for a softer landing, or to
prolong the time at high altitude for scientific measurements. But
parachutes can cause spin if not symmetrically-rigged. Thus, since
the spin of a parachute is rather difficult to predict, it is often
expedient to decouple it from the store with a swivel.

3.1 Terrestrial Applications

Some terrestrial payloads have avoided swivels, and have deliber-
ately exploited parachute spin. One example is a Super Arcas
sounding rocket [18, 19] used in 1974 to deploy a scientific
payload at 80 km beneath a 5.1 m diameter disk-gap-band (DGB)
parachute. The parachute was equipped with four spin vane panels
to deflect the airflow through the gap and thus cause it to spin, in
order to modulate the high-altitude horizontal electric field meas-
ured by the potential difference across on metallized silk elec-
trodes held on the parachute lines. Another, less scientific applica-
tion is in smart weapons, such as the SADARM (Sense and
Destroy Armor) munition. These weapons deploy a vortex ring
parachute (rather like a cluster of asymmetrically-rigged para-
chutes) which allow the system to descend slowly while spinning.
This causes a sensor to scan a spiral pattern [20] on the ground: if
a target is detected, the munition detonates in mid-air and kills its
target with a directed explosion.

A key point is that the torque that a parachute can apply to
the payload is limited. In order to apply a torque to the payload,
the suspension lines must be slightly twisted. But if the torque
on the parachute itself is high enough, the chute will rotate
relative to the payload to twist the lines excessively, the lines
will wrap up and the parachute will collapse [20]. Thus suspen-
sion lines for rotating parachutes need to be short, and the
radius at which the lines are attached to the payload needs to be
large. If the lines meet at a point (whether there is a swivel there
or not) the torques supplied can only be small.

3.2 Venus Probes

The planet Venus has been explored by a series of probes
developed in Russia and launched in the 1970s and 1980s, as
well as one multiprobe mission by the USA in 1979. Generally
these used a drag disk to modestly slow and stabilize their
descent, which would be too slow in the thick 90-bar Venus
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atmosphere with a full-scale parachute. (Parachute materials
would rapidly deteriorate in the hot lower atmosphere where
temperatures exceed the melting point of lead!) Where para-
chutes have been used they are discarded early in the descent,
before the hottest part of the atmosphere has been reached.

This approach was adopted by the Russian Venera probes
(e.g. [21]). These were kept stable during their free-fall by a
drag plate near the top (Fig. 7) – this sharp-edged disk causes
the flow to separate at a constant location, whereas a smooth
body might experience periodic vortex shedding exciting unde-
sirable motions. Although the requirements on spin around the
vertical axis were not stringent (maintaining spin below a stable
value) some control surfaces were added (e.g. [22]) to counter
excessive spin-up torques.

The optical instruments on the US Pioneer Venus probes
required spin to sample the light flux in various directions to
understand the scattering properties of the clouds: a set of spin
vanes were installed on the probes (Fig. 8). These were a large
probe (which did use a parachute briefly) and three small
probes (which did not use parachutes at all), named after their
target areas “Day”, “Night” and “North”. The “Night” probe’s
thermal flux sensors apparently recorded at least briefly indica-
tions that the spin axis was inclined, and the spin rate was 7.5
rpm [23]. The very thick clouds on Venus meant that direct
sunlight was quickly extinguished – optical sensors only pro-
vided very brief indications of spin before the large probe sank
beneath the clouds [24]). In any case, the scientific require-
ments on Pioneer Venus’ spin were not especially harsh, nor
was the spin documented in any detail.

A set of spin vanes essentially causes the vehicle to rotate at
a rate proportional to the instantaneous descent speed – in other
words, the setting angle of the vanes is equal to the pitch of a
spiral. If the probe rotates such that the
vanes sweep out such a spiral (like a cork-
screw) then the torque exerted by the vanes
(flat plates, which develop no lift at zero
angle of attack) is zero.

In practice, there are some drag torques
due to various appendages on the probe
(and viscous effects on the walls of the probe
itself), such that the steady-state spin rate
will be slightly smaller than the ‘corkscrew’
rate, the difference leading to an angle of
attack and thus a spin-up torque due to the
vanes to balance the drag torque.

More importantly is the response time of
the system – the moment of inertia of the
probe is usually large, and the torque exerted
by the vanes is small. Thus the installation of
spin vanes generates a ‘demanded’ spin rate
which depends on the orientation of the vanes
and on the descent speed of the probe. From
an initial state, however, the probe will take
some time (minutes, typically) to achieve this
demanded quasi-steady state of spin rate pro-
portional to descent. Indeed, in the presence
of drag torques, the spin rate will always be
fractionally smaller than the demanded rate.
As the probe descends into denser air and its
terminal velocity declines, the equilibrium spin
rate also declines.

Fig. 7  Venera 9 lander. The main equipment is in the spherical
pressure vessel: the cylinder at top is a helical antenna. Note the
crush ring for impact attenuation and the drag disk to retard and
stabilize the descent. (NASA NSSDC)

Fig. 8  Pioneer Venus large probe. The probe was built as a rigid sphere to resist the hot
high pressure atmosphere. After the heat shield (‘deceleration module’) has fallen away,
the spin vanes cause a gentle rotation. (NASA)
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This effect is seen (Fig. 9) in the spin history of the Venera 9
probe, recorded by ‘angular velocity sensors’. Similar steady
declines in spin rate were seen on the other Venera probes.

3.4 GALILEO

The Galileo probe (Fig. 10) was equipped with 3 spin vanes to
guide its spin rate during parachute descent. The probe’s spin
design was principally to ensure a spin of less than 50 rpm, to
avoid excessive Doppler shift on the radio link: scientific measure-
ments would be somewhat degraded if the spin fell outside the
range 0.25 – 40 rpm. To achieve this, at least after the uncertain
transient conditions at deployment, the probe was equipped with
three spin vanes – two mounted at about 13 degrees, and one at
about 3 degrees (the orientations being checked with a mirror and
theodolite). The three vanes are also used to balance asymmetric
aerodynamic loads from various protrusions from the probe and
thus do not quite have the same orientation.

Parachute deployment did not appreciably slow the spin (the
parachute spin was decoupled from the probe by a swivel), but
the spin drops quickly when the heatshield was released and the
spin vanes exposed (Fig. 11).

Although the spin-modulation of the magnetic field does not
indicate the sense of the rotation, it can be assumed that this
was in the sense demanded by the spin vanes (clockwise,
looking down). There was no indication in the spin data of a
zero spin period.

In fact the dynamics of the Galileo probe have not been
analyzed in a systematic way, by fusing data from different
sensors. One indication from optical sensors is that the probe
could have been tilted by some 19 degrees [25] early in the
descent above the clouds when spin was around 30 rpm. On the
other hand, a modulation of the signal strength of the probe
radio signal [26] varying from a 14s period to 50s has (perhaps
incorrectly) been attributed to probe spin, with a shorter period
variation attributed to swing under the parachute. Cleary sub-
stantial uncertainties, if not discrepancies, remain.

3.5 Huygens

During its 2.5 hour parachute descent, the spin of the Huygens
probe to Titan was controlled in order to pan around the field-
of-view of its side-looking camera. Huygens is arguably the
most heavily instrumented parachute descent probe, and thus
its spin performance has had most scrutiny.

Although slightly different in configuration from the Pio-
neer Venus and Galileo probes (notably, a blunter base) Huy-
gens also adopted an approach using spin vanes (Fig. 12). The
rotation of the parachute was decoupled from the probe by a
swivel. The operation of this component, and the other ele-
ments of the descent control system (separation system, para-
chute mortar, parachutes etc.) were verified in a drop test from
a stratospheric balloon in Northern Sweden in 1995.

This test (‘SM2: Special Model 2’) had conditions chosen in
order to match the Titan deployment conditions in terms of
Mach and Reynolds number as closely as possible. (Since the
parachute test, the SM2 unit – Fig. 13 - has been used fre-
quently for displays at airshows and conferences etc.)

The spin vane configuration has many vanes with a very
shallow setting angle of just 2-3 degrees, to generate a spin

Fig. 9  Spin history of Venera 9, as recorded by ‘angular velocity
sensors’ (presumably gyros) on board. The spin rate slowly declines.

Fig. 10  Galileo Probe being prepared for launch. The heat
shield is below. One of the spin vanes is visible on the
hemispherical descent module, just right of center.

(NASA)

nominally in the 1-4 rpm range during most of descent. The
large number of vanes is required to provide enough torque to
reach the desired rate quickly.

After release from the balloon at some 38 km, the probe
accelerated in free-fall before deploying its main parachute and
releasing its heat shield [27]. Descending at a fair velocity of
over 40 m/s in the thin high-altitude air, the spin vanes caused
the probe to spin up, as desired, to a rate of about 20 degrees
per second, or about 3 rpm. This equilibrium spin rate slowly
declines towards lower altitude, since the descent velocity
decreases in the lower, denser air.

The main chute is sized to extract the probe from its wide
heat shield, and is actually itself too large to allow Huygens to



7

Spin of Planetary Probes in Atmospheric Flight

descend in a suitably short time before its communication
window ended. Thus the main parachute is detached by a
pyrotechnic mechanism which cuts the bridle lines, and the
probe descends under a smaller ‘stabilizer’ parachute (on a
separate swivel of its own). At this point, the probe accelerates
to a new terminal velocity, almost twice as fast as under the
main chute.

Since the airflow is now streaming past the spin vanes at a
higher angle of attack, they work to spin the probe faster –
reaching nearly 40 deg/s before declining at lower altitude.

Because under Earth’s conditions (higher gravity and thin-
ner atmosphere, than Titan) the impact velocity would be un-
pleasantly high under the stabilizer chute, the SM2 test was
equipped with a third parachute. This recovery chute was sized
to permit a relatively soft landing (10 m/s) and thus possible re-
use of the expensive probe model and instrumentation. In fact,
the instrumentation recorded the impact and continued to oper-
ate, and apart from a bent antenna, the probe was undamaged –
this experience gave some hope that the probe might survive
landing on a solid surface on Titan, which indeed it did in 2005.

There was no swivel on the recovery parachute – since there
was no such chute on the flight unit sent to Titan, the test did not
need to demonstrate a swivel for it. The very different spin
behaviour under the recovery chute is obvious in fig. 14 – the
spin rate winds up to some 30 degrees per second in the
direction opposite to that in which the spin vanes were fighting
to turn it, then winds down to zero and back up several times,
with a period of about 2 minutes. Note that this wind-up/wind-
down cycle is not symmetric about zero, since the parachute
itself seems to be causing a net negative spin rate.

Additional balloon-drop testing was performed independ-
ently in connection with the development of the Italian-led
Huygens Atmospheric Structure Instrument (HASI). In the first
such test [28] there was no swivel, and as might be expected the
probe did not spin during descent, despite the inclusion of spin
vanes, since the bifilar suspension anchored the probe to the
large parachute and the associated inertial mass of air. The
probe oscillated back and forth, as during the latter phase of
SM2.

Fig. 11  Spin rate of the Galileo probe as determined by its
lightning and radio emissions detector. The sharp drop at ~10
minutes corresponds to the release of the (perhaps fluted) heat
shield and the exposure of the spin vanes.

Fig. 12  Close-up of the Huygens SM2 model showing the spin
vanes. The structure to the left is an attach mechanism for the
front shield. (R.D. Lorenz)

Fig. 13  The Huygens SM2 Model with the author at the European
Space Operations Centre ESOC in Darmstadt, Germany, just a
few days after the real probe arrived on Titan, 1.5 billion kilometers
away. The large rectangular box on the top surface is the main
parachute container.

In a later test, with a swivel, Bettanini and Angrilli [29]
report ‘after parachute opening the probe undergoes an unex-
pected counter clockwise rotation before starting the nominal
clockwise rotation. It may be noted that in the same test an
Inertial Measurement Unit (IMU) determined pitch excursions
as high as 40 degrees. These test results (published after the
mission itself) point to some challenges in understanding and
controlling the attitude motions of a parachute-borne probe.

On its real mission in space, finally achieved in early 2005,
the probe was released towards Titan with a roughly 7 rpm spin,
which seems to have been preserved during entry, as expected
(unlike Galileo).

Huygens was equipped with a multifunction instrument
named DISR (Descent Imager and Spectral Radiometer, [30])
which as well as measuring light scattering and absorption in
Titan’s hazy atmosphere, took pictures of the surface. The
camera looked down and outwards, from 6 degrees above
horizontal to almost vertically down. By taking images at a
range of azimuths as the camera was panned around by the
probe spin, panoramic mosaics could be constructed.
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The DISR investigation used information on the spin rate
from the probe’s computers, which used a radial accelerometer
to estimate the spin rate from centripetal acceleration, as well
as information from a sun sensor, part of the DISR instrument
itself. The observation azimuths – most critical for measuring
the light scattering around the sun (the solar ‘aureole’) – were
not as well-placed as had been hoped, due to a combination of
circumstances. The sun sensor apparently lost sensitivity at
Titan’s low temperatures and so was available only in the first
part of descent, there was more tip and tilt motion than had
been expected.

Additionally, it seems that for most of the descent, the spin
direction has been in the direction opposite to that expected.
The radial acceleration measurement on-board is not able to
determine the spin direction, so it was assumed to be in the
correct sense. However, apparent spin down to zero and spin up
– before a spin-up was expected due to the switch to the smaller
parachute – is rather unphysical. What appears to have oc-
curred [31] – as confirmed by study of the variation of radio
signal strength, modulated by the uneven radiation pattern from
the antenna (Fig. 15) is that the spin rate declined from its
initial 7 rpm down to zero fairly quickly, and the angular
acceleration continued in the same sense to reach nearly 10rpm
in the opposite direction to the initial one (Fig. 16), then
declines in magnitude as the probe descends more slowly in the
deeper atmosphere. The cause of this reversed spin torque has
not yet been determined at the time of writing, but it is evident
that a substantial source of torque is required (requiring torque-
providing surfaces comparable with the size of the spin vanes
themselves.) Although the resultant imaging azimuths were not
as evenly-spread as intended (Fig. 17), enough images were
obtained to generate a good panorama.

4. GEMINI CAPSULE SPIN PHENOMENON

One peculiarity of Huygens compared to other probes is that for
most of its descent the probe was under a fairly small parachute,
such that the probe itself bore around a quarter of its aerodynamic
loads. This situation may lead to some curious effects, as in the
case of a similar configuration for the Gemini capsule. These relate
not to the spin of the probe relative to the parachute, but rather a
spin of the probe-parachute system in inertial space. The observa-
tions by Huygens (the radio modulation, direction to the sun and
nadir as determined by camera images) do not allow a discrimina-
tion of these two types of motion.

Fig. 14  Profile of the Huygens probe spin rate during the SM2
parachute drop test on Earth.

(a)

Fig. 15  Spin modulation of the Huygens radio signal strength
received by Cassini, indicated by the automatic gain control (AGC)
telemetry channel of the Channel B radio receiver. The recurring
pattern (on which is superimposed a steady drift due to the
changing aspect angle and range) is evident. Two segments are
shown with the same time span for comparions: (a) early in the
descent at 1920s, (b) the rotation is much more rapid than near
the surface at 6000s.

(b)

The design of the drogue parachute to stabilize the Gemini
capsule prior to its main chute inflation required a program
of testing [32] to determine the appropriate attachment ge-
ometry and chute performance. During these tests, conducted
in the vertical wind tunnel at NASA Langley (Fig. 18), scale
models of the capsule with its parachute were launched into
the tunnel. Occasionally during the study of the spacecraft-
and-drogue-parachute systems, the spacecraft received in-
puts which caused it to enter steady spinning motions about
the vertical wind axis, with the symmetrical axis inclined
about 50o from the vertical. It was observed that a larger
drag chute, trailing further behind the capsule, had the strong-
est tendency to enter a spin (Fig. 19).

There is a certain irony in the implication of a drogue
parachute in causing spin – indeed, it is more usual for
parachutes to be installed on aircraft for the purpose of
recovering from spin. While the aerodynamic mechanism
for this self-sustaining spin state is not well-understood
(presumably it has much in common with other autorotating
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Fig. 17  An early partial mosaic of images from the Descent
Imager Spectral Radiometer on the Huygens probe. The
rectangular field of view of the camera was mapped onto the
surface of the planet to cover a wide area, although problems with
spin sensing led to irregular sampling of azimuths. Note the river
channel and coastline to the left.

(University of Arizona/ ESA/NASA)

Fig. 16  The Huygens probe spin rate during its descent. The
dashed line shows the predicted spin rate profile: the solid line
was reconstructed from camera and radio link data after some
weeks of analysis on the ground. The source of the torque causing
the change in spin direction is not yet understood.

Fig. 19  A stable but undesirable spin mode can be generated,
depending on the size of the drogue parachute and its trailing
distance. (NASA)

Fig. 18  Mercury capsule suspended in a vertical airflow in the
20 ft Spin Tunnel at NASA Langley in 1959. Subsequent Gemini
tests (see text) were similar in configuration.

(NASA, also Langley Research Center)

systems like samaras) the configurational similarity with the
Huygens probe suggests such an effect might be possible
with that vehicle too.

4. CONCLUSIONS

The generation of probe spin prior to entry is well-understood
and principally relates to the required gyroscopic stiffness for
stability prior to or during entry. Although the evolution of spin
during energetic, ablative entry events is not predictable, the
mechanisms behind such spin evolution are understood.

Spin control during atmospheric descent is possible, but can
be challenging. It is important that flight tests be conducted
early and their results assimilated promptly. Some aspects of

the dynamics of probe-parachute dynamics and in particular
the effect on spin deserve further investigation.
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