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Parachutes for Space UseParachutes for Space Use

Parachutes have been closely linked to many space missions.Parachutes have been closely linked to many space missions.
Many vehicles launched into space have had parachutes on Many vehicles launched into space have had parachutes on 
board for recovery or landing deceleration.board for recovery or landing deceleration.
Stringent space vehicle requirements have accelerated the Stringent space vehicle requirements have accelerated the 
evolution of parachute technologies:evolution of parachute technologies:

high reliability systemshigh reliability systems
supersonic parachutessupersonic parachutes
ultra high density packsultra high density packs
large ringsail and ribbon parachute clusterslarge ringsail and ribbon parachute clusters
simultaneity in multiple stage, large scale simultaneity in multiple stage, large scale disreefingdisreefing
textiles to withstand hostile or extratextiles to withstand hostile or extra--terrestrial environmentsterrestrial environments
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Space Related Applications for ParachutesSpace Related Applications for Parachutes

earth orbiting vehicle recovery:  recoverable satellitesearth orbiting vehicle recovery:  recoverable satellites
manned spacecraft terrestrial landing:  Mercury, Gemini, Apollo,manned spacecraft terrestrial landing:  Mercury, Gemini, Apollo,
manned spacecraft auxiliary/emergency escape:  Mercury, Gemini, manned spacecraft auxiliary/emergency escape:  Mercury, Gemini, 
Shuttle, Shuttle, BuranBuran
planetary spacecraft descent:  Pioneer Venus, Viking Lander, Galplanetary spacecraft descent:  Pioneer Venus, Viking Lander, Galileo, ileo, 
CassiniCassini--Huygens, Mars Pathfinder, MERHuygens, Mars Pathfinder, MER
extraextra--terrestrial return spacecraft landing:  Luna, terrestrial return spacecraft landing:  Luna, ZondZond, Genesis, , Genesis, 
StardustStardust
launch vehicle recovery:  SRB recoverylaunch vehicle recovery:  SRB recovery
spacecraft ground deceleration:  Shuttle brake parachutespacecraft ground deceleration:  Shuttle brake parachute
space station emergency escape:  Mir, X38space station emergency escape:  Mir, X38



Requirements Most Different From Terrestrial Parachutes Are 
For Planetary Descent
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MissionsMissions

MISSION DESTINATION LAUNCH ARRIVAL

VIKING MARS August / September                July / September
1975                                  1976

PIONEER VENUS VENUS August 1978 December 1978

GALILEO                       JUPITER                   October 1989                   December 1995

MARS PATHFINDER MARS December 1996 July 1997

MER MARS June / July 2003 January 2004

CASSINI / HUYGENS         SATURN /TITAN              October 1997                     January 2005



Parachute SystemsParachute Systems
MISSION PILOT CHUTE MAIN CHUTE DEPLOYMENT CONDITIONS 

   h (km) M q (Pa) 
Viking None 16.2m (53 ft) Do  

disk-gap-band 
(unreefed) - mortar 
deployed 

6.4 1.6 
nominal 

200 - 500  

Pioneer Venus 0.76m (2.5ft) Do 
mortar deployed

4.94m (16.2ft) Do  
conical ribbon 

67.1 0.8 3300 

Galileo 1.14m (3.74ft)  
conical ribbon  
mortar deployed

3.8m (12.48ft) Do 
conical ribbon 

 pilot: 0.91-1.01 
main: 0.87-0.97 

4875 - 
7648 

Mars 
Pathfinder 

None 12.7m (41.8 ft) Do 
disk-gap-band 
mortar deployed 

7.5 – 12.1 1.70-  2.30 580 - 703 

Cassini -
Huygens 

2.59m (8.5ft) Do 
disk-gap-band 
mortar deployed

8.3m (27.2ft) Do 
disk-gap-band 

141-180 1.38 -1.73 287 - 440 

MER None 14.1m (46.3 ft) Do 
disk-gap-band 

 1.4 9- 2.30 569 - 830 
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entryentry

t=0 sec
Mach 1.6,
h=21,000ft
fire mortar

deploy main 
parachute

t=7secs
release 

aeroshell

unfold 
legs

4000 ft, 200fps 
parachute cut away

fire engines

Viking SequenceViking Sequence



Pioneer Venus sequencePioneer Venus sequence



Galileo Sequence

entry

t0 mortar fired and 
pilot chute 
deployed

t0 +1.25s aft cover released 
and main parachute 

deployed t0 + 2.25s  main chute 
inflated 

t0 + 10.12s  aeroshell release
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Huygens SequenceHuygens Sequence

entry

t=0 sec
Mach 1.48,
h=164 km
fire PDD PDD 

deploys 
DGB pilot 

chute
t=2 sec

back cover 
released

main parachute 
deployed

t=30 sec
Mach 0.5 
maximum

release front 
shield

t=15 min
release main 

chute
deploy 

stabilising 
drogue

deceleration 
through Mach 1

descend to 
surface
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entry

t0 deploy 
main 

parachute

t=20secs
release 

aeroshell

MER / Pathfinder SequenceMER / Pathfinder Sequence

t=40secs
separate 

lander
airbag inflation, 
rocket ignition

60-100m

lander release
0-25m
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IntegrationIntegration
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EnvironmentsEnvironments

launch vibrationlaunch vibration
hard vacuumhard vacuum
thermal environmentthermal environment

cruise temperaturecruise temperature
aeroaero--kinetic heatingkinetic heating

ionising radiationionising radiation
extraextra--terrestrial atmosphereterrestrial atmosphere
cleanlinesscleanliness
ESDESD
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Launch VibrationLaunch Vibration

Launch imposes a highly Launch imposes a highly 
stressful environment on the stressful environment on the 
spacecraft for a relatively spacecraft for a relatively 
brief period,  typically 2 brief period,  typically 2 
minutes.minutes.
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Launch VibrationLaunch Vibration

Significant vibrations, accelerations Significant vibrations, accelerations 
and severe acoustic input.and severe acoustic input.

Levels are specified in launch vehicle Levels are specified in launch vehicle 
handbookshandbooks

Qualification levels for Qualification levels for 
subsystems, which will be more subsystems, which will be more 
severe to account for severe to account for 
amplifications.amplifications.

For Huygens subsystems (Titan For Huygens subsystems (Titan 
Centaur launch vehicle) Centaur launch vehicle) 
qualification sine vibration is 21g qualification sine vibration is 21g 
at 5at 5--100Hz.100Hz.

Parachute mechanisms and stowage Parachute mechanisms and stowage 
needs to be designed and qualified to needs to be designed and qualified to 
the appropriate levels.the appropriate levels.
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Many materials are affected by hard vacuum.Many materials are affected by hard vacuum.

Most materials outgas to some extent in vacuum Most materials outgas to some extent in vacuum --
even metals outgas slightly.even metals outgas slightly.

Some plating materials migrate in vacuum and Some plating materials migrate in vacuum and 
recondenserecondense, cadmium is particularly bad and is a , cadmium is particularly bad and is a 
banned substance on spacecraft.banned substance on spacecraft.

Polymers may outgas extensively in vacuum losing Polymers may outgas extensively in vacuum losing 
substantial fractions of their initial mass.substantial fractions of their initial mass.

Some materials, particularly textiles, are hygroscopic Some materials, particularly textiles, are hygroscopic 
and absorb considerable amounts of water from the and absorb considerable amounts of water from the 
air (3%).  This water is released once the spacecraft air (3%).  This water is released once the spacecraft 
is in vacuum.is in vacuum.

Hard VacuumHard Vacuum
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Specifications are set for outgassing: generally, TML Specifications are set for outgassing: generally, TML 
(total mass loss) < 1% and CVCM (collected volatile (total mass loss) < 1% and CVCM (collected volatile 
condensate) < 0.1%.condensate) < 0.1%.

Generally, materials should be selected from the Generally, materials should be selected from the 
space qualified materials list to pass these space qualified materials list to pass these 
requirements.requirements.

Textiles, if not specially processed, generally fail Textiles, if not specially processed, generally fail 
these criteria these criteria -- finishes and weaving aids, size, all finishes and weaving aids, size, all 
outgas in vacuum and must be removed by scouring outgas in vacuum and must be removed by scouring 
and and bakeoutbakeout.  Water vapour still causes textiles to fail .  Water vapour still causes textiles to fail 
the TML requirement but this is usually the subject of the TML requirement but this is usually the subject of 
a waiver.a waiver.

Hard VacuumHard Vacuum
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Thermal Environment Thermal Environment -- CruiseCruise

Thermal control is one of the major problems Thermal control is one of the major problems 
of space flight.of space flight.

In space the thermal balance is defined by In space the thermal balance is defined by 
radiation to and from the spacecraft and radiation to and from the spacecraft and 
internally generated heat.internally generated heat.

Source and sink temperatures, 5780K for the Source and sink temperatures, 5780K for the 
Sun and 3K for dark space are extreme.Sun and 3K for dark space are extreme.

Extremes of temperature and high thermal Extremes of temperature and high thermal 
gradients are common gradients are common -- damage due to damage due to 
differential expansion is possible.differential expansion is possible.
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Thermal Environment Thermal Environment -- CruiseCruise

Environment controlled by active and passive means Environment controlled by active and passive means 
-- for recent probes where the parachute system is for recent probes where the parachute system is 
internal to the probe conditions are quite benign internal to the probe conditions are quite benign 
typically +30°C to typically +30°C to --40°C.40°C.

There may be a requirement to contribute to the There may be a requirement to contribute to the 
thermal balance by surface treatment of containers thermal balance by surface treatment of containers 
with photowith photo--thermal finishes or blankets.thermal finishes or blankets.

Ensure the cruise/coast temperature range is Ensure the cruise/coast temperature range is 
compatible with mechanisms compatible with mechanisms -- particularly particularly 
pyrotechnics.pyrotechnics.
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Thermal Environment Thermal Environment -- AeroAero--kinetic Heatingkinetic Heating

During reDuring re--entry, aerokinetic heating is severe.  entry, aerokinetic heating is severe.  
Probes use an aeroshell Probes use an aeroshell -- back cover combination to back cover combination to 
protect the experimental module.protect the experimental module.

Radiative heating from the hot back cover can Radiative heating from the hot back cover can 
necessitate specific design measures for the necessitate specific design measures for the 
parachute subsystem to avoid local temperature parachute subsystem to avoid local temperature 
problems.  problems.  

Titanium fittingsTitanium fittings

KevlarKevlar

Thermal blanketsThermal blankets
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Thermal Environment Thermal Environment -- AeroAero--kinetic Heatingkinetic Heating

On Pioneer Venus the mortar and the bridle On Pioneer Venus the mortar and the bridle 
from the pilot chute to the back cover were from the pilot chute to the back cover were 
exterior to the probe and had to be protected exterior to the probe and had to be protected 
from refrom re--entry heating with specific thermal entry heating with specific thermal 
insulation (RTV).insulation (RTV).

To date parachutes for probes have all been To date parachutes for probes have all been 
deployed at Mach numbers below those at deployed at Mach numbers below those at 
which direct aerowhich direct aero--kinetic heating of the kinetic heating of the 
parachute is problem.parachute is problem.
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Ionising RadiationIonising Radiation

All spacecraft are subject to radiation and this may present a All spacecraft are subject to radiation and this may present a 
problem for some missions primarily for electronic components. problem for some missions primarily for electronic components. 

degradation due to total dose degradation due to total dose 

single event upsets.single event upsets.

Radiation is particularly intense in the Van Allen belts where Radiation is particularly intense in the Van Allen belts where 
particles are trapped by the Earth's magnetic field.  particles are trapped by the Earth's magnetic field.  

Shielding is employed to protect sensitive components.Shielding is employed to protect sensitive components.

In interplanetary space a craft is exposed to solar generated In interplanetary space a craft is exposed to solar generated 
radiation and galactic cosmic rays. The dose levels from these radiation and galactic cosmic rays. The dose levels from these 
sources are often negligible except for solar flares.sources are often negligible except for solar flares.
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Ionising RadiationIonising Radiation

Viking radiation specification (1 year mission) :2.7x10Viking radiation specification (1 year mission) :2.7x1033 radsrads

Huygens (7 year mission) is 10Huygens (7 year mission) is 1044 radsrads

Galileo (6 year mission) is 2x10Galileo (6 year mission) is 2x1055 radsrads, increased by Jupiter's , increased by Jupiter's 
strong radiation belts.strong radiation belts.

For parachute systems radiation problems may arise due to total For parachute systems radiation problems may arise due to total 
dose.dose.

Damage threshold:Damage threshold:

Dacron >10Dacron >1066 radsrads

Kevlar unaffected at 5x10Kevlar unaffected at 5x1066 radsrads

nylon 66 is resistant to 10nylon 66 is resistant to 1066 radsrads..
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ExtraExtra--terrestrial Atmospheresterrestrial Atmospheres

The major problems of extraThe major problems of extra--terrestrial atmospheres are related terrestrial atmospheres are related 
to temperature and chemistryto temperature and chemistry

Venus atmosphere Venus atmosphere 

100 times denser than Earth's and considerably hotter, with surf100 times denser than Earth's and considerably hotter, with surface ace 
temperatures of 500°C (932 °F). temperatures of 500°C (932 °F). 

contains sulphuric acidcontains sulphuric acid

Pioneer Venus parachute was designed for a maximum Pioneer Venus parachute was designed for a maximum 
temperature of 80°C (it is cut away at 155,000ft) and Dacron wastemperature of 80°C (it is cut away at 155,000ft) and Dacron was
selected over nylon for its greater acid resistance.  selected over nylon for its greater acid resistance.  

Russian Russian VeneraVenera probe took advantage of the sulphuric acid problem probe took advantage of the sulphuric acid problem 
and used a nylon reefing line designed to dissolve.  and used a nylon reefing line designed to dissolve.  

gravity is 0.9 Earth gravity. gravity is 0.9 Earth gravity. 
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ExtraExtra--terrestrial Atmospheresterrestrial Atmospheres

Mars atmosphere Mars atmosphere 

density 1/100th that on Earth and was poorly known at the density 1/100th that on Earth and was poorly known at the 
time of the Viking missiontime of the Viking mission

gravity is 0.36 Earth gravitygravity is 0.36 Earth gravity

wind blown dustwind blown dust

Titan atmosphereTitan atmosphere

cryogenic: investigation of textile materials at cryogenic cryogenic: investigation of textile materials at cryogenic 
temperatures and careful mechanism design for the swivel temperatures and careful mechanism design for the swivel 
which must operate at these temperatureswhich must operate at these temperatures

surface atmospheric density is 5 times Earth surface densitysurface atmospheric density is 5 times Earth surface density

gravity is only 0.13 Earth gravity.gravity is only 0.13 Earth gravity.
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Atmosphere ModelsAtmosphere Models

Earth: GRAMEarth: GRAM
Mars: EMCD v4.1, Mars: EMCD v4.1, MarsGRAMMarsGRAM 20012001
Venus: VIRA, Venus: VIRA, SieffSieff
Titan: Titan: TitanGRAMTitanGRAM, , YelleYelle, , LeloucheLelouche--HuntenHunten

Essential to run Monte Carlo simulations with range of Essential to run Monte Carlo simulations with range of 
atmospheric and system parametersatmospheric and system parameters

From atmospheric interface From atmospheric interface 
State vector + covariance matrixState vector + covariance matrix

M / q map at parachute deploymentM / q map at parachute deployment
For descent stability simulation mesoscale modelling really For descent stability simulation mesoscale modelling really 
needed as input to engineering wind turbulence / shear modelsneeded as input to engineering wind turbulence / shear models
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CleanlinessCleanliness

Dust and molecular contamination can jeopardise Dust and molecular contamination can jeopardise 
function of sensitive experiments on probes.  function of sensitive experiments on probes.  

A particle of dust illuminated by the Sun can look like a star A particle of dust illuminated by the Sun can look like a star 
to a star sensor.  Dust can also cause wear in delicate to a star sensor.  Dust can also cause wear in delicate 
mechanisms.mechanisms.

Molecular contamination will outgas and can damage Molecular contamination will outgas and can damage 
experiments.  experiments.  

A mirror on Pioneer Venus was coated in parachute size A mirror on Pioneer Venus was coated in parachute size 
during qualification.during qualification.

Components must be selected not to outgas and Components must be selected not to outgas and 
cleaned / baked out  to prevent molecular cleaned / baked out  to prevent molecular 
contamination.contamination.
Dust is reduced by using clean room conditions.Dust is reduced by using clean room conditions.
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Planetary ProtectionPlanetary Protection

For missions to destinations with the possibility of For missions to destinations with the possibility of 
extant  or past life, or where there is a risk of extant  or past life, or where there is a risk of 
contamination, planetary protection provisions are contamination, planetary protection provisions are 
required (COSPAR Planetary Protection Policy)required (COSPAR Planetary Protection Policy)

Most stringent are sample return missions to Earth from Most stringent are sample return missions to Earth from 
MarsMars

First implemented on Viking First implemented on Viking –– remains “model” remains “model” 
All items to be incorporated in the DLS must be All items to be incorporated in the DLS must be 
compatible with microbial reduction (partial compatible with microbial reduction (partial 
sterilization). sterilization). 
Dry heating is preferred method for parachutesDry heating is preferred method for parachutes

+125°C at the minimum temperature location within the +125°C at the minimum temperature location within the 
parachute / airbag systems for five (5) hours parachute / airbag systems for five (5) hours 
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Planetary ProtectionPlanetary Protection

Hydrogen Peroxide Gas Plasma Hydrogen Peroxide Gas Plasma 
Hydrogen peroxide gas plasma (the Hydrogen peroxide gas plasma (the SterradSterrad procedure) can procedure) can 
be used to sterilise hardware that is not capable of be used to sterilise hardware that is not capable of 
withstanding dry heat. withstanding dry heat. 

Alcohol wiping Alcohol wiping 
Sterile 70% isopropyl alcohol can be used to clean/sanitise Sterile 70% isopropyl alcohol can be used to clean/sanitise 
hardware. This method leaves little debris behind, however hardware. This method leaves little debris behind, however 
items will require post sterilisation assay.items will require post sterilisation assay.

UV radiation UV radiation 
254 nm for 30254 nm for 30--40 seconds 40 seconds 

Gamma radiation Gamma radiation 
2.5Mrad dose2.5Mrad dose

Chemical treatmentChemical treatment
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ESDESD

ElectroElectro--static discharge is a major hazard for static discharge is a major hazard for 
spacecraft electronic components and spacecraft electronic components and 
pyrotechnic devices.pyrotechnic devices.

Grounding of all elements is essential with Grounding of all elements is essential with 
typical requirements of 10mtypical requirements of 10mΩΩ between between 
adjacent components typical.adjacent components typical.

Early in the development of Huygens there Early in the development of Huygens there 
was a requirement for the parachute to be was a requirement for the parachute to be 
conductive!conductive!
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Flight Duration Flight Duration -- AgeingAgeing

Space mission are typically of long duration: Space mission are typically of long duration: 
lifinglifing

Textile materials Textile materials 
strength loss is observed in earth conditions. strength loss is observed in earth conditions. 

UVUV
oxygenoxygen

polymers do not degrade unless exposed to a polymers do not degrade unless exposed to a 
reagent or radiationreagent or radiation
in space there are no such reagents and therefore in space there are no such reagents and therefore 
most strength loss will take place prior to launch.most strength loss will take place prior to launch.
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Flight Duration Flight Duration -- AgeingAgeing

Viking experiments showed that the strength of Viking experiments showed that the strength of 
Dacron, stored for six months in vacuum showed no Dacron, stored for six months in vacuum showed no 
loss over and above that attributed to thermal loss over and above that attributed to thermal 
processing.processing.

Vacuum will affect textile material strength by loss of Vacuum will affect textile material strength by loss of 
water.  This seems to reduce lubrication between water.  This seems to reduce lubrication between 
fibres and consequently strength.fibres and consequently strength.

Pyrotechnic components are also Pyrotechnic components are also lifedlifed.  Hard vacuum .  Hard vacuum 
degrades propellant and it is essential to seal devices degrades propellant and it is essential to seal devices 
to a high standard.  Clearly the longer the mission to a high standard.  Clearly the longer the mission 
the better the seal necessary.  For Huygens the the better the seal necessary.  For Huygens the 
requirement is <10requirement is <10--88 cmcm33 of Helium. of Helium. 
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ParachutesParachutes

For planetary missions parachutes requireFor planetary missions parachutes require::
Predictable inflation performance in subsonicPredictable inflation performance in subsonic--low supersonic low supersonic 
regimeregime
Good drag efficiency and predictable drag performance in Good drag efficiency and predictable drag performance in 
subsonicsubsonic--low supersonic regimelow supersonic regime
Good stability Good stability -- imaging sensors on the payloads need very imaging sensors on the payloads need very 
high stability.  Huygens requires <±10° attitude and <6°/s high stability.  Huygens requires <±10° attitude and <6°/s 
rate. For Pioneer Venus <±3° was requiredrate. For Pioneer Venus <±3° was required
Proven performance in rare combinations of M and q.  For Proven performance in rare combinations of M and q.  For 
Huygens nominal deployment Mach number is 1.5 with a Huygens nominal deployment Mach number is 1.5 with a 
dynamic pressure of only 342 Pa (7 dynamic pressure of only 342 Pa (7 psfpsf))
Parachutes have been diskParachutes have been disk--gapgap--band or 20° conical band or 20° conical 
ribbonribbon
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Parachutes Parachutes -- DGBDGB

DGB selected for:DGB selected for:
verified inflation and drag verified inflation and drag 
performance over range of performance over range of 
Mach numbers (0.05 Mach numbers (0.05 -- 2.7);2.7);
good inflation at low dynamic good inflation at low dynamic 
pressure;pressure;
good stability (<±5°);good stability (<±5°);
lower mass than conical lower mass than conical 
ribbon;ribbon;
ease of wind tunnel ease of wind tunnel 
verification.verification.
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Flavours of DGBFlavours of DGB
360°
N gN g

360°
N gN g

360°
N gN g

360°
N gN g

h1h1

hghg

hbhb

VikingViking λλ g =12.5%g =12.5%

hg = .113h1hg = .113h1

hbhb = .333h1= .333h1 Pathfinder Pathfinder λλ g =8.8%g =8.8%

hg = .115h1hg = .115h1

hbhb = .75h1= .75h1

MERMER λλ g =9.8%g =9.8%

hg = .122h1hg = .122h1

hbhb = .677h1= .677h1

HuygensHuygens λλ g =22.4%g =22.4%

hg = .225h1hg = .225h1

hbhb = .330h1= .330h1
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Parachutes Parachutes -- Conical RibbonConical Ribbon

Conical ribbon selected for:Conical ribbon selected for:
verified inflation and drag performance over range verified inflation and drag performance over range 
of Mach numbers (0.05 of Mach numbers (0.05 -- 2.0);2.0);
good performance at higher dynamic pressures;good performance at higher dynamic pressures;
good structural integrity;good structural integrity;
good stability (<±5°).good stability (<±5°).
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AerodynamicsAerodynamics

0.5

1.7

27.0

21.1

Parachutes are often deployed in the Parachutes are often deployed in the 
wake of the bluff aeroshell at wake of the bluff aeroshell at 
transonic velocities and therefore transonic velocities and therefore 
wake performance is critical.wake performance is critical.

Large trailing distance for pilot and Large trailing distance for pilot and 
main chutes is essential to prevent main chutes is essential to prevent 
wake modification and to give a good wake modification and to give a good 
wake efficiency: wake efficiency: 

Huygens 10 DHuygens 10 DBB

Galileo 11 DGalileo 11 DBB (initial value of 5.6 D(initial value of 5.6 DBB
resulted in qualification problems)resulted in qualification problems)

Viking 8.5 DViking 8.5 DBB
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AerodynamicsAerodynamics

To predict parachute performance a good knowledge To predict parachute performance a good knowledge 
of the atmosphere is necessary to calculate dynamic of the atmosphere is necessary to calculate dynamic 
pressure, Mach number and Reynolds numberpressure, Mach number and Reynolds number

For the Viking mission the atmospheric properties of Mars For the Viking mission the atmospheric properties of Mars 
were not well known resulting in the parachute being were not well known resulting in the parachute being 
designed to operate over the Mach number range from low designed to operate over the Mach number range from low 
subsonic to Mach 2.1 and for a dynamic pressure range of subsonic to Mach 2.1 and for a dynamic pressure range of 
24 to 500 Pa.24 to 500 Pa.

For Huygens and Galileo the atmospheres are better defined For Huygens and Galileo the atmospheres are better defined 
but still quite wide margins are necessary.but still quite wide margins are necessary.

ExtraExtra--terrestrial atmospheres with terrestrial atmospheres with γγ lower than 1.4 can lower than 1.4 can 
cause changes in parachute performance.cause changes in parachute performance.



AerodynamicsAerodynamics

Huygens at 150km has a  Re per unit length of 3.5x10Huygens at 150km has a  Re per unit length of 3.5x1044

Permeability is very low.  Permeability is very low.  
Ribbon parachute discharge coefficient would also be reduced witRibbon parachute discharge coefficient would also be reduced with   Re = 875h   Re = 875

Reduced Reynolds number in upper atmospheres reduces porosity anReduced Reynolds number in upper atmospheres reduces porosity and can d can 
reduce stability and increase inflation loadsreduce stability and increase inflation loads

0
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System SequenceSystem Sequence

Monte Carlo simulation of trajectoryMonte Carlo simulation of trajectory
Drag stagingDrag staging

Multiple parachutesMultiple parachutes
Reefing  Reefing  

Trajectory compatibility with requirement Trajectory compatibility with requirement 
Load compatibility with systemLoad compatibility with system

Mars is difficult for high landing sights and Mars is difficult for high landing sights and 
high ballistic coefficienthigh ballistic coefficient

Two stage system gives improved trajectory and Two stage system gives improved trajectory and 
lower loads / masslower loads / mass
Higher Mach number parachute deployment is Higher Mach number parachute deployment is 
another optionanother option
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TextileTextile MaterialsMaterials

HeritageHeritage

Polyester (Dacron) was originally selected for Viking in order Polyester (Dacron) was originally selected for Viking in order 
to minimise outgassing and shrinkage and for its ability to to minimise outgassing and shrinkage and for its ability to 
withstand the material processing requirements for the withstand the material processing requirements for the 
biologically clean lander.  biologically clean lander.  

It was retained for Pioneer Venus because of its ability to It was retained for Pioneer Venus because of its ability to 
withstand the sulphuric acid in the atmosphere.  withstand the sulphuric acid in the atmosphere.  

Dacron is also used for the Galileo and Mars Pathfinder Dacron is also used for the Galileo and Mars Pathfinder 
parachute canopies.  parachute canopies.  

Good space heritage is therefore establishedGood space heritage is therefore established
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TextileTextile MaterialsMaterials

Heritage Heritage cont.dcont.d

Kevlar was also qualified for Viking and was used on Galileo Kevlar was also qualified for Viking and was used on Galileo 
for lines and risers.  for lines and risers.  

Kevlar is extensively used on Huygens for lines, risers and Kevlar is extensively used on Huygens for lines, risers and 
reinforcement to reduce mass.reinforcement to reduce mass.

Polyester was originally selected for the Huygens parachute Polyester was originally selected for the Huygens parachute 
canopies but material of adequate quality could not be canopies but material of adequate quality could not be 
woven from the very light yarn and thus nylon 66 was used.woven from the very light yarn and thus nylon 66 was used.

Expanded PTFE could be an attractive material for bags, Expanded PTFE could be an attractive material for bags, 
stowage loops and buffers.  It is used as the external layer stowage loops and buffers.  It is used as the external layer 
of the EVA suit.of the EVA suit.

PBO introduced on MERPBO introduced on MER
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Textile MaterialsTextile Materials

Material ProcessingMaterial Processing
The Viking parachutes were subjected to thermal The Viking parachutes were subjected to thermal 
processing to achieve the requirement for biological processing to achieve the requirement for biological 
cleanliness (135°C for 240 hours).cleanliness (135°C for 240 hours).

Galileo parachutes were subjected to 132°C at 10Galileo parachutes were subjected to 132°C at 10--55

torr to remove contaminants.torr to remove contaminants.

Huygens parachutes are baked out at 135°C at 10Huygens parachutes are baked out at 135°C at 10--55

torr also to remove contaminants.torr also to remove contaminants.

Dacron and Nylon materials must be heatDacron and Nylon materials must be heat--set to set to 
obviate dimensional changes during these obviate dimensional changes during these 
treatmentstreatments
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Textile MaterialsTextile Materials

Material Processing Material Processing cont.dcont.d

Scouring is specified as part of the material manufacturing Scouring is specified as part of the material manufacturing 
process, to remove most finishes and size and thus to process, to remove most finishes and size and thus to 
minimise thermal vacuum chamber contamination.minimise thermal vacuum chamber contamination.

Thermal processing and the removal of size reduces Thermal processing and the removal of size reduces 
strength by typically 10%.strength by typically 10%.

Material Operating TemperatureMaterial Operating Temperature

Low:  Polyester, Nylon and Kevlar all retain good properties Low:  Polyester, Nylon and Kevlar all retain good properties 
at at --190°C (190°C (--310 °F).310 °F).

High: Polyester 150°C (300 °F), Nylon 120°C (250 °F), High: Polyester 150°C (300 °F), Nylon 120°C (250 °F), 
Kevlar 300°C (570 °F)Kevlar 300°C (570 °F)
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Textile MaterialsTextile Materials

VacuumVacuum
Since textiles are hygroscopic, water is released in thermal Since textiles are hygroscopic, water is released in thermal 
vacuum.  This could lead to strength reduction due to loss of vacuum.  This could lead to strength reduction due to loss of 
lubrication.lubrication.

RadiationRadiation
Kevlar, Nylon and Dacron are resilient to >10Kevlar, Nylon and Dacron are resilient to >1066 radsrads..

ContaminantsContaminants
As previously noted all textile material must be scoured and As previously noted all textile material must be scoured and 
baked out to remove contaminants.  Water will be rapidly baked out to remove contaminants.  Water will be rapidly 
regained unless the parachute is sealed and thus a waiver is regained unless the parachute is sealed and thus a waiver is 
normally required.normally required.

Pressure PackingPressure Packing
All US probes pressure packed to 40 lb/ftAll US probes pressure packed to 40 lb/ft33 Huygens uses 32 Huygens uses 32 
lb/ftlb/ft3. 3. No detrimental effects are reported.No detrimental effects are reported.
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Other MaterialsOther Materials

Materials for all non textile components should be Materials for all non textile components should be 
selected from the qualified materials lists.  selected from the qualified materials lists.  

Aluminium alloys and titanium are generally good.  Aluminium alloys and titanium are generally good.  

Stainless steels should be nonStainless steels should be non--magnetic (S300 series) magnetic (S300 series) 
to prevent corruption of instruments.to prevent corruption of instruments.

Teflon and Teflon and DelrinDelrin and Kevlarand Kevlar--epoxy can degrade after epoxy can degrade after 
high radiation doses.high radiation doses.
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DeploymentDeployment

All probes have used mortars to deploy All probes have used mortars to deploy 
the first stage parachute.  the first stage parachute.  

At deployment it is necessary to punch At deployment it is necessary to punch 
through the base reverse flow region through the base reverse flow region 
and retain sufficient velocity for and retain sufficient velocity for 
positive bag strip.positive bag strip.

Deployment modelling is essential. On Deployment modelling is essential. On 
Huygens it was found desirable to Huygens it was found desirable to 
retain the break out patch to improve retain the break out patch to improve 
deployment.deployment.

Deployment velocities to date have all Deployment velocities to date have all 
been around 30m/sbeen around 30m/s
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Separation of the various stages:Separation of the various stages:
back cover removalback cover removal
aeroshell separationaeroshell separation

is governed by the relative ballistic ratio is governed by the relative ballistic ratio ββ of the separating of the separating 

components:components:

The higher the ballistic ratio the lower the deceleration.The higher the ballistic ratio the lower the deceleration.
To avoid To avoid recontactsrecontacts::

items ejected rearward should have ballistic coefficients lower items ejected rearward should have ballistic coefficients lower than than 
the remaining probe the remaining probe 
objects ejected forwards should have higher ballistic coefficienobjects ejected forwards should have higher ballistic coefficients ts 
than the remaining probethan the remaining probe..

A good rule of thumb is to set the ratio of ballistic coefficienA good rule of thumb is to set the ratio of ballistic coefficients between ts between 
separating objects at 0.7.separating objects at 0.7.

Ballistic RatioBallistic Ratio

SC
m
D

=β
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MechanismsMechanisms

Mechanisms for space parachute systems must be designed:Mechanisms for space parachute systems must be designed:

to meet the stringent environmental requirementsto meet the stringent environmental requirements

to have large functional marginsto have large functional margins

to have very high reliabilityto have very high reliability



VorticityVorticity ©J.S. Lingard 2005

TestingTesting

Extensive testing essentialExtensive testing essential
Subsystem verificationSubsystem verification

Function following environmental Function following environmental 
exposureexposure
MarginsMargins
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TestingTesting

EndEnd--toto--end testing end testing 
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Systems ApproachSystems Approach

Top DownTop Down

Trade studiesTrade studies

Design RobustnessDesign Robustness

MarginsMargins

VerificationVerification


