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Case Study Case Study -- HuygensHuygens

DestinationDestination
TitanTitan

TypeType
Atmospheric ProbeAtmospheric Probe

Parachute RequirementsParachute Requirements
Remove protective aeroshellRemove protective aeroshell
Stabilise transonic decelerationStabilise transonic deceleration
Control descent timeControl descent time
No interference with probe spinNo interference with probe spin
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ChallengesChallenges

EnvironmentEnvironment
--210 to +25°C210 to +25°C
101055 radsrads

CleanlinessCleanliness
ReliabilityReliability

0.99 at 60% confidence level0.99 at 60% confidence level
Single Point FailuresSingle Point Failures

TestingTesting
Conditions not similar to EarthConditions not similar to Earth

LifeLife
7 Years in hard vacuum7 Years in hard vacuum
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Operation Sequence (Option 1)Operation Sequence (Option 1)

Release rear aeroshellRelease rear aeroshell
Includes annulus of front shieldIncludes annulus of front shield

Deploys main parachuteDeploys main parachute
Release nose capRelease nose cap
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Operation Sequence (Option 2)Operation Sequence (Option 2)

MortarMortar--deploy pilot chutedeploy pilot chute
Release back coverRelease back cover

Removed by pilot chuteRemoved by pilot chute
Deploys main Deploys main parachute(sparachute(s))

Release front shieldRelease front shield
Reduce drag area to meet descent timeReduce drag area to meet descent time

Cut away all but one of a cluster of main Cut away all but one of a cluster of main 
parachutesparachutes
PostPost--reef main parachutereef main parachute
Use main parachute to deploy smaller parachuteUse main parachute to deploy smaller parachute
Release main parachute and freeRelease main parachute and free--fall to surfacefall to surface
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Sequence Sequence TradeoffTradeoff

Option 1Option 1
Only one parachuteOnly one parachute
Lack of heritageLack of heritage
Complicated aeroshell Complicated aeroshell 
releaserelease
Release plane in front Release plane in front 
aeroshellaeroshell

Option 2Option 2
Two / three parachutesTwo / three parachutes
Galileo heritageGalileo heritage
Simple sequenceSimple sequence

Release plane is on rear Release plane is on rear 
of aeroshellof aeroshell

BASELINEBASELINE
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Descent time modulation choiceDescent time modulation choice

Cut away all but one of a cluster of main Cut away all but one of a cluster of main 
parachutesparachutes

ComplicatedComplicated

PostPost--reef main reef main paracuteparacute
Incompatible with swivelIncompatible with swivel

Use main parachute to deploy smaller Use main parachute to deploy smaller 
parachuteparachute

BaselineBaseline

Release main parachute and freeRelease main parachute and free--fall to fall to 
surfacesurface

Probe is unstableProbe is unstable



VorticityVorticity ©Vorticity Ltd 2005

Sequence ChoiceSequence Choice

When do we release the back cover?When do we release the back cover?
Supersonic sequenceSupersonic sequence

Release the back cover immediately pilot chute inflatedRelease the back cover immediately pilot chute inflated
Main parachute decelerates through Mach 1Main parachute decelerates through Mach 1

Subsonic sequenceSubsonic sequence
Retain back cover until Mach 0.6Retain back cover until Mach 0.6
Pilot chute decelerates through Mach 1Pilot chute decelerates through Mach 1
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Subsonic Subsonic vsvs Supersonic sequenceSupersonic sequence

SupersonicSupersonic
Main parachute better for Main parachute better for 
transonic stabilisationtransonic stabilisation
Large bridle required for Large bridle required for 
stabilitystability

BaselineBaseline

SubsonicSubsonic
Main parachute loads Main parachute loads 
lowerlower

LighterLighter

Main parachute inflates Main parachute inflates 
subsonicallysubsonically

Better inflationBetter inflation

Potential for single BC/FS Potential for single BC/FS 
releaserelease
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Final SequenceFinal Sequence
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Parachute MaterialsParachute Materials

RequirementsRequirements
Good cryogenic strengthGood cryogenic strength
Compatibility with high temperature bakeCompatibility with high temperature bake--outout
Ability to join without significant strength lossAbility to join without significant strength loss
Ability to weave (for broadloom fabrics)Ability to weave (for broadloom fabrics)
AvailabilityAvailability

At required yarn densityAt required yarn density

CandidatesCandidates
Polyester, Nylon, Kevlar, Spectra, PTFEPolyester, Nylon, Kevlar, Spectra, PTFE
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Parachute MaterialsParachute Materials

PolyesterPolyester
Pioneer Venus, Viking, Galileo heritagePioneer Venus, Viking, Galileo heritage
Unable to weave lightweight fabricUnable to weave lightweight fabric

KevlarKevlar
Good strength propertiesGood strength properties
Good for tapes / cordsGood for tapes / cords
Poor for broadloom fabricPoor for broadloom fabric

NylonNylon
Good temperature resistanceGood temperature resistance
High moisture gainHigh moisture gain

SpectraSpectra
High strengthHigh strength
Poor high temperature performancePoor high temperature performance
Lack of heritageLack of heritage

PTFEPTFE
Poor strengthPoor strength
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Materials ChoiceMaterials Choice

Broadloom fabricBroadloom fabric
NylonNylon
Much improved since Polyester chosen for Pioneer Much improved since Polyester chosen for Pioneer 
VenusVenus
Water absorption required TML waiverWater absorption required TML waiver

Tapes and linesTapes and lines
KevlarKevlar
Excellent strength and high temperature Excellent strength and high temperature 
performanceperformance

ThreadsThreads
Polyester / KevlarPolyester / Kevlar
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Pilot Chute TypePilot Chute Type

RequirementsRequirements
InflationInflation

SupersonicSupersonic
Low dynamic pressureLow dynamic pressure

StableStable

OptionsOptions
DiskDisk--GapGap--BandBand

Good supersonic, low dynamic pressure inflationGood supersonic, low dynamic pressure inflation
Easy to build small scale modelsEasy to build small scale models

Variable Porosity Conical RibbonVariable Porosity Conical Ribbon
Excellent supersonic inflationExcellent supersonic inflation
Very difficult to build scale modelsVery difficult to build scale models
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Pilot Chute SizePilot Chute Size

Must separate back cover from probeMust separate back cover from probe
Ballistic coefficient ratio better than 0.7Ballistic coefficient ratio better than 0.7

Must use worst caseMust use worst case
MassMass

Including all design marginIncluding all design margin

Drag coefficientDrag coefficient
At worst Mach numberAt worst Mach number
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Pilot Chute SizePilot Chute Size

Released assemblyReleased assembly
Pilot chutePilot chute
Back coverBack cover
MAIN PARACHUTEMAIN PARACHUTE

MassesMasses
Maximum massMaximum mass

AerodynamicsAerodynamics
Minimum drag Minimum drag 
coefficientscoefficients
Include wake Include wake 
recirculationrecirculation

ProbeProbe
RemainderRemainder

MassesMasses
Minimum massMinimum mass

AerodynamicsAerodynamics
Maximum drag Maximum drag 
coefficientcoefficient



VorticityVorticity ©Vorticity Ltd 2005

Pilot Chute Size (minimum)Pilot Chute Size (minimum)

N.B. All units are SI (kg, m, s)N.B. All units are SI (kg, m, s)
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Pilot Chute DesignPilot Chute Design

SizeSize
S0=5.29 mS0=5.29 m22

D0=2.59 mD0=2.59 m
Lines: 12Lines: 12
Line length: 2 x DLine length: 2 x D00

Larger than minimumLarger than minimum

TypeType
DiskDisk--GapGap--Band (13.1% geometric porosity)Band (13.1% geometric porosity)
TaschengurtsTaschengurts to stabilise band to stabilise band 

MaterialsMaterials
Nylon broadloom fabricNylon broadloom fabric
Kevlar lines and webbingKevlar lines and webbing



VorticityVorticity ©Vorticity Ltd 2005

Pilot Chute Design LoadsPilot Chute Design Loads

Inflation loadInflation load
Maximum load was 1.8 kNMaximum load was 1.8 kN

Failure case Failure case –– fire on armfire on arm

Component design loadsComponent design loads

1800 N1800 NBridle legs (3)Bridle legs (3)

150 N150 NLines (12)Lines (12)

0.89 N/m0.89 N/mCanopy fabricCanopy fabric

LoadLoadComponentComponent
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Pilot Chute DesignPilot Chute Design

12 Gores12 Gores
TaschengurtsTaschengurts
12,2xD12,2xD00 LinesLines

5.18 m5.18 m

21.1 m riser21.1 m riser
27 m trailing dist27 m trailing dist

0.53 m bridle0.53 m bridle

0.826

0.072

So = 5.27 m2

12 Gores

All Dimensions in metres

0.134

0.2500.250

0.308
0.105

0.932
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Pilot Chute TestingPilot Chute Testing

Joint TestsJoint Tests
Wind Tunnel TestsWind Tunnel Tests
Environmental TestsEnvironmental Tests

TemperatureTemperature
VibrationVibration

Deployment TestsDeployment Tests
BenchBench
RapidRapid

Drop TestsDrop Tests
System TestSystem Test
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Mortar TypeMortar Type

RequirementsRequirements
Deploy pilot chute through probe wakeDeploy pilot chute through probe wake

Minimum 24 Minimum 24 m/sm/s requiredrequired

Minimise reaction loadMinimise reaction load
Prevent contamination of payloadPrevent contamination of payload

OptionsOptions
Closed mortarClosed mortar

Piston deploys parachutePiston deploys parachute
Gasses retained within mortarGasses retained within mortar

Open mortarOpen mortar
Sabot deploys parachuteSabot deploys parachute
Sabot released allowing gasses to exitSabot released allowing gasses to exit
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Mortar TypeMortar Type

OpenOpen
Long strokeLong stroke

Low reaction loadsLow reaction loads

Combustion products Combustion products 
releasedreleased

May contaminate May contaminate 
instrumentsinstruments

Sabot and cap releasedSabot and cap released

BASELINEBASELINE

ClosedClosed
Short strokeShort stroke

High reaction loadsHigh reaction loads

Combustion products Combustion products 
retainedretained

Could leak during Could leak during 
science missionscience mission

All components retainedAll components retained
However, breakout However, breakout 
patch in back cover patch in back cover 
releasedreleased
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Mortar DesignMortar Design

Open designOpen design
Choked cartridgeChoked cartridge
Twin NSI initiationTwin NSI initiation
Stowage for PC bridleStowage for PC bridle
Reaction loadReaction load

8.5 kN8.5 kN

VelocityVelocity
33 33 m/sm/s

Packing Density: 600 kg/mPacking Density: 600 kg/m33
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Mortar TestingMortar Testing

Environmental TestsEnvironmental Tests
TemperatureTemperature
VibrationVibration

Functional TestsFunctional Tests
AmbientAmbient
Temperature ConditionedTemperature Conditioned

System TestSystem Test
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Main Parachute TypeMain Parachute Type

RequirementsRequirements
Good supersonic inflationGood supersonic inflation
Good low dynamic pressure inflationGood low dynamic pressure inflation
Good stabilityGood stability

OptionsOptions
DiskDisk--GapGap--BandBand
Variable Porosity Conical RibbonVariable Porosity Conical Ribbon
RingsailRingsail
RingslotRingslot
CruciformCruciform
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Main Parachute TypeMain Parachute Type

DiskDisk--GapGap--BandBand
Proven designProven design
ComonalityComonality with pilot Chutewith pilot Chute

VPCRVPCR
Difficult to test at small scaleDifficult to test at small scale

Ringsail, Ringsail, RingslotRingslot, Cruciform, Cruciform
Unproven or poor supersonic performanceUnproven or poor supersonic performance

DGB chosenDGB chosen
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Main Parachute SizeMain Parachute Size

RequirementsRequirements
Transonic StabilityTransonic Stability

SimulationsSimulations

Separation of probe from front aeroshellSeparation of probe from front aeroshell
Ballistic coefficient ratio better than 0.7Ballistic coefficient ratio better than 0.7

Reference area at least 47.3 mReference area at least 47.3 m22
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Main Parachute DesignMain Parachute Design

DiskDisk--GapGap--BandBand
DD00=8.3 m=8.3 m
SS00=54.1 m=54.1 m22

Geometric porosity: 22.4%Geometric porosity: 22.4%
Lines: 24Lines: 24

MaterialsMaterials
Nylon broadloom fabricNylon broadloom fabric
Kevlar lines and webbingKevlar lines and webbing
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Main Parachute Design LoadMain Parachute Design Load

Inflation loadInflation load
Maximum load was 14.7 kNMaximum load was 14.7 kN

Failure case Failure case –– fire on armfire on arm

Component design loadsComponent design loads

14700 N14700 NBridle legs (3)Bridle legs (3)

613 N613 NLines (12)Lines (12)

2.27 N/m2.27 N/mCanopy fabricCanopy fabric

LoadLoadComponentComponent
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Main Parachute DesignMain Parachute Design

24 Gores24 Gores
24,2xD24,2xD00 LinesLines

16.6 m16.6 m

6.0 m riser6.0 m riser
27 m trailing dist27 m trailing dist

3.9 m bridle3.9 m bridle
Optimised for stabilityOptimised for stability

SwivelSwivel

0.411

0.3750.375

0.939

0.643

2.846
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Main Parachute TestingMain Parachute Testing

Joint TestsJoint Tests
Wind Tunnel TestsWind Tunnel Tests
Environmental TestsEnvironmental Tests

TemperatureTemperature
VibrationVibration

Deployment TestsDeployment Tests
BenchBench
RapidRapid

Drop TestsDrop Tests
System TestSystem Test
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Swivel RequirementsSwivel Requirements

RequirementsRequirements
Decouple probe rotation from parachuteDecouple probe rotation from parachute

Maximum allowable torqueMaximum allowable torque
0.01 Nm (F<245 N)0.01 Nm (F<245 N)
7.6x107.6x10--5 5 F Nm (F>245N)F Nm (F>245N)

Withstand Main Parachute opening loadWithstand Main Parachute opening load
14.7 kN14.7 kN

EnvironmentEnvironment
CryogenicCryogenic

Compatibility with outgassingCompatibility with outgassing
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Swivel DesignSwivel Design

Thrust Ball BearingsThrust Ball Bearings
Redundant main bearingsRedundant main bearings

Compliant preloadCompliant preload
Redundant preload bearingsRedundant preload bearings

TribologyTribology
MoSMoS22 coating on racescoating on races
TiCTiC & MoS& MoS22 coating on ballscoating on balls
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Parachute Release MechanismParachute Release Mechanism

RequirementsRequirements
Withstand main parachute opening loadWithstand main parachute opening load
Release all three parachute attachments Release all three parachute attachments 
simultaneouslysimultaneously
Low or zero force required for separationLow or zero force required for separation
High reliabilityHigh reliability
EnvironmentEnvironment

Cryogenic temperaturesCryogenic temperatures
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PRM TradesPRM Trades

LocationLocation
At bridle confluenceAt bridle confluence

Single UnitSingle Unit
Bridle remains attached to probeBridle remains attached to probe

Three locations on upper platformThree locations on upper platform
Ease of integrationEase of integration

Three locations beneath upper platformThree locations beneath upper platform
Benign environmentBenign environment
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PRM TradesPRM Trades

MechanismMechanism
Release nut below platformRelease nut below platform

Galileo, Pioneer VenusGalileo, Pioneer Venus
Not fully redundantNot fully redundant

Gas locks with dual cartridges and gas distributionGas locks with dual cartridges and gas distribution
Used on ejection seatsUsed on ejection seats
Good simultaneityGood simultaneity

Single gas sourceSingle gas source

HeavyHeavy

Pyrotechnic rod cuttersPyrotechnic rod cutters
Commonality with SEPSCommonality with SEPS
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PRM DesignPRM Design

Three mechanismsThree mechanisms
One for each bridle legOne for each bridle leg

Fully redundant rod cuttersFully redundant rod cutters
Twin ESI initiationTwin ESI initiation
No sharp cornersNo sharp corners
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Stabilising Drogue TypeStabilising Drogue Type

RequirementsRequirements
Good low dynamic pressure inflationGood low dynamic pressure inflation

10 Pa10 Pa

Good stability during descentGood stability during descent
Set overall descent timeSet overall descent time

OptionsOptions
CruciformCruciform
Guide surfaceGuide surface
DiskDisk--GapGap--BandBand
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Stabilising Drogue TypeStabilising Drogue Type

CruciformCruciform
Excellent stability from literatureExcellent stability from literature
Poor stability in wind tunnel modelsPoor stability in wind tunnel models

Guide surfaceGuide surface
Good stabilityGood stability
Unproven low dynamic pressure inflationUnproven low dynamic pressure inflation

DiskDisk--GapGap--BandBand
Commonality with other parachutesCommonality with other parachutes
Excellent stability in wind tunnel testsExcellent stability in wind tunnel tests
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Stabilising Drogue SizeStabilising Drogue Size

Size determined by system descent timeSize determined by system descent time
3 3 dofdof trajectory code used to determine sizetrajectory code used to determine size

Nominal descent time: 2.25 hoursNominal descent time: 2.25 hours
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Stabilising Drogue DesignStabilising Drogue Design

DiskDisk--GapGap--BandBand
DD00=3.03 m=3.03 m
SS00=7.23 m=7.23 m22

Geometric porosity: 22.4%Geometric porosity: 22.4%
Lines: 24Lines: 24

MaterialsMaterials
Nylon broadloom fabricNylon broadloom fabric
Kevlar lines and webbingKevlar lines and webbing
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Stabilising Drogue Design LoadStabilising Drogue Design Load

Canopy and upper stropCanopy and upper strop
SteadySteady--state descent: 300 Nstate descent: 300 N

Lower strop and bridleLower strop and bridle
Deployment snatch load: 1.8 kNDeployment snatch load: 1.8 kN

Due to rapid deploymentDue to rapid deployment

1800 N1800 NBridle legs (3)Bridle legs (3)

13 N13 NLines (24)Lines (24)

0.13 N/m0.13 N/mCanopy fabricCanopy fabric

LoadLoadComponentComponent
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Stabilising Drogue DesignStabilising Drogue Design

24 Gores24 Gores
24,2xD24,2xD00 LinesLines

6.06 m6.06 m

1.0 m riser1.0 m riser
12 m trailing dist12 m trailing dist

3.9 m bridle3.9 m bridle
Optimised for stabilityOptimised for stability

SwivelSwivel

0.274

1.041

0.235

0.343

0.150
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ContainerContainer

RequirementsRequirements
StorageStorage

Main ParachuteMain Parachute
Stabilising DrogueStabilising Drogue

Thermal protectionThermal protection
Restrain parachutesRestrain parachutes

CG position must not changeCG position must not change
Must not resonateMust not resonate

DesignDesign
Aluminium structureAluminium structure
Packing Density: 300 kg/mPacking Density: 300 kg/m33
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IntegrationIntegration

Attached to upper platformAttached to upper platform
Parachute bridlesParachute bridles

Avoid fragile itemsAvoid fragile items
AntennaeAntennae

Velcro attachmentVelcro attachment

Exposed fabricExposed fabric
Kevlar onlyKevlar only
High temperaturesHigh temperatures
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ReliabilityReliability

Single Point FailuresSingle Point Failures
Unavoidable in parachute systemsUnavoidable in parachute systems

PDD CartridgePDD Cartridge
PDD BodyPDD Body
Pilot ChutePilot Chute
Extraction lanyards (2)Extraction lanyards (2)
ContainerContainer
Main ParachuteMain Parachute
SwivelsSwivels
PJM (3)PJM (3)
Stabilising DrogueStabilising Drogue
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Mass BreakdownMass Breakdown

EEQQUUIIPPMMEENNTT  MMiinn  MMaassss  
((kkgg))  

NNoomm  MMaassss  
((kkgg))  

MMaaxx  MMaassss  
((kkgg))  

PPiilloott  CChhuuttee  00..663388  00..664455  00..665511  
MMaaiinn  PPaarraacchhuuttee  44..552277  44..557733  44..775511  
SSDDAA  00..775511  00..775588  00..778877  
SSwwiivveell  AAsssseemmbblliieess  00..881144  00..882233  00..883311  
PPDDDD  AAsssseemmbbllyy  11..225577  11..226699  11..228822  
PPJJMM  AAsssseemmbbllyy  22..112233  22..114455  22..116666  
CCoonnttaaiinneerr  AAsssseemmbbllyy  11..668855  11..770022  11..771199  
BBooPP  AAsssseemmbbllyy  00..221133  00..221188  00..222222  
TTOOTTAALL  1122..000088  1122..113322  1122..440088  
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ConclusionConclusion

7 year development7 year development
7 year delivery7 year delivery
2.5 hour mission2.5 hour mission
24 Papers at this conference24 Papers at this conference
6 Posters6 Posters


