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OutlineOutline

•• Overview of Mission Analysis Design DriversOverview of Mission Analysis Design Drivers
–– Outer Planet Probes (Ballistic Entry)Outer Planet Probes (Ballistic Entry)

•• Mission OverviewMission Overview
•• Design DriversDesign Drivers

–– Entry Entry Heating/Heatshield DesignDesign
–– Science Payload, Data CollectionScience Payload, Data Collection
–– Communications and Descent TimeCommunications and Descent Time
–– Entry GeometryEntry Geometry
–– Probe Shape and PackagingProbe Shape and Packaging
–– High DecelerationHigh Deceleration
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Mission Analysis Information SourcesMission Analysis Information Sources

– Numerous reports and studies late 60s - early 90s
• OP Probe Technology Workshop (1974)
• 10 Bar Atmospheric Probe for OP Exploration (1974, ARC)
• Saturn/Uranus Atmosphere Probe (1973, McDonnell Douglas)
• Neptune Probe Deployment and Design Issues (1991, SAIC)
• MEASURE-Jupiter (1994
• Neptune Aerocapture (1996, ARC)
• Saturn/Titan Probe (1982, Hughes)
• Jupiter Atmosphere Entry Mission Study (1971, Martin Marietta)
• Jupiter Entry Probe Mission Analyses (1970, GE)
• Galileo Probe Mission
• ….
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OP Probe Technology Workshop (1974)

• Workshop Objectives

• Review and summarize the SOA concerning mission definitions, probe 
requirements, system, subsystems, and mission-specific hardware

• Explore mission and equipment trade-offs associated with a Saturn/Uranus 
baseline configuration and the influence of Titan and Jupiter options on both 
mission performance and cost

• Identify critically required future R&D activities

–10 Sessions
•Keynote - Science Rationale

•Mission and Spacecraft design - Probe design

•Aerodynamics and heating - Heat Protection

•Communications - Science Instruments

•Special Subsystem Design Problems - Cost Estimation
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Mission Analysis DiscussionMission Analysis Discussion

• Provide an overview of key design drivers, mission 
study results, and overview of Outer Planet Probe 
missions.
– Won’t be able to cover all aspects in detail but intended to 

give audience an idea of the many factors/parameters that 
need to be considered when designing a probe mission

• Results presented are for illustrative purposes, i.e. 
don’t quote specific values!
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Reference Probe MissionReference Probe Mission
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Outer Planet Probe Mission ComparisonOuter Planet Probe Mission Comparison

Entry Conditions
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Science Payload ComparisonScience Payload Comparison

• In general, Probe missions have constrained science payloads.
• Problem gets worse when sending probes to outer planets.
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‘‘TypicalTypical’’ Probe Science MissionProbe Science Mission
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Communication and Link GeometryCommunication and Link Geometry
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Communication and Link GeometryCommunication and Link Geometry--22

• Probe entry takes advantage of 
planet rotation, especially for Jupiter 
and Saturn

•Increase duration of 
communication beam coverage

• Multi-probe missions are challenged 
by desire to enter at various latitudes

•Desire to keep probe entry 
locations co-planar with 
spacecraft insertion orbit

•Communications data rates and 
transmitter and receiver design will be 
a major factor in scalability of ‘mini’
probes.
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Spacecraft/Probe Separation DistanceSpacecraft/Probe Separation Distance
Saturn 1979 missionSaturn 1979 mission
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Descent Time DesignDescent Time Design
Effects of Parachute Jettison (Saturn Mission)Effects of Parachute Jettison (Saturn Mission)
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Probe Entry Geometry ConstraintsProbe Entry Geometry Constraints

• Arrival geometry of probe driven by 
interplanetary trajectory

• Earth/Sun geometry
• Orientation of approach-
velocity vector

• Latitude availability driven by entry 
angle limits, solar terminator, 
communications link geometry
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Probe Entry Geometry ConstraintsProbe Entry Geometry Constraints--22
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Probe Entry Geometry ConstraintsProbe Entry Geometry Constraints--33
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Probe Shape Selection OptionsProbe Shape Selection Options



Space Technology Division   

PFW-18.

Probe Packaging OptionsProbe Packaging Options
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Probe Packaging OptionsProbe Packaging Options--22
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Probe Packaging OptionsProbe Packaging Options--33
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HeatshieldHeatshield Separation TradesSeparation Trades
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Probe Packaging OptionsProbe Packaging Options--33
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Heatshield Separation TradesHeatshield Separation Trades



Space Technology Division   

PFW-24.

Probe Deceleration ComparisonProbe Deceleration Comparison
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Additional Design ConsiderationsAdditional Design Considerations

• Spacecraft Bus Design
• Spin Stabilized or 3-axis Stabilized

• Spin-Stabilized is simpler, lower weight, complicated probe delivery
• 3-axis stabilized has better performance in comm-link, navigation, probe 
delivery

• Overall Probe Design
• In general, given similar science instrument payload, ‘common’ probe design for 
Saturn, Uranus, and Neptune is possible
• Jupiter probe is specialized due to higher deceleration loads, heatshield design


