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Co-Delivery Concept
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Aerocapture and Direct-Entry Co-Delivery
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• Mars entry

• 6 km/s planet-relative entry velocity

• L/D = 0.25

𝛽 =
𝑚

𝐶𝐷𝐴
=

𝑖𝑛𝑒𝑟𝑡𝑖𝑎𝑙

𝑎𝑒𝑟𝑜𝑑𝑦𝑛𝑎𝑚𝑖𝑐
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• Mars entry

• 6 km/s planet-relative entry velocity

• L/D = 0.25

• -12 deg entry flight path angle

• +/- 0.25 deg entry corridor

• Apoapsis altitude >= 300 km

• Probe peak heat rate <= 50 W/cm^2

Orbiter: 𝛽 ≥ 130 𝑘𝑔/𝑚2

Probe: 𝛽 ≤ 100 𝑘𝑔/𝑚2

𝛽 =
𝑚

𝐶𝐷𝐴
=

𝑖𝑛𝑒𝑟𝑡𝑖𝑎𝑙

𝑎𝑒𝑟𝑜𝑑𝑦𝑛𝑎𝑚𝑖𝑐
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Bank Modulation Guidance

• Mars, 6 km/s, -12 deg

• Orbiter:

• L/D = 0.25

• BC = 130 kg/m^2

• Bank angle modulation

• Guided Probe:

• L/D = 0.25

• BC = 35 kg/m^2

• Bank angle modulation

• Passive probe:

• L/D = 0

• BC = 35 kg/m^2
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Guidance Performance Under Uncertainty

Guided Probe Passive Probe

Input Dispersions

Performance Under Uncertainty

• Orbiter targets 250 km circular orbit

• Probe targets 300 m/s at 15 km (M = 1.3)



Example Mission Scenario
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Example Mission Scenario

• Mars, 6 km/s, -12 deg

• MSL-like Orbiter:

• L/D = 0.25

• BC = 130 kg/m^2

• Bank angle modulation

• SHIELD-like rough lander:

• L/D = 0

• BC = 35 kg/m^2

• Crushable material for landing at ~1000 g’s

• Multiple (4+) landers form a network

• KISS study tie-in

• see Revolutionizing Access to the Mars Surface, Z. Putnam, IPPW 2021

https://www.nasa.gov/mission_pages/msl/multimedia/gallery/pia14834.html

“New Capabilities for Accessing the Martian Surface,” Chad Edwards and Larry 

Matthies, NASA JPL/CalTech

https://www.nasa.gov/mission_pages/msl/multimedia/gallery/pia14834.html
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Varying Separation Magnitude and Timing

• Nominal separation at E-1 day, 10 cm/s
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Curiosity:    21.3 km in 7 years

Yellow line: 43.5 km

This figure:  1000 x 575 km

trek.nasa.gov/mars

https://www-robotics.jpl.nasa.gov/publications/Mark_Maimone/2020-mobility-trending.pdf

trek.nasa.gov
https://www-robotics.jpl.nasa.gov/publications/Mark_Maimone/2020-mobility-trending.pdf
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Conclusions

• The proposed co-delivery method is feasible

• Existing guidance schemes can be applied

• MSL-class orbiter and SHIELD-class rough lander make a nice duo

• May provide a path to low-cost delivery of a network of small landers on the Martian surface

https://www.jpl.nasa.gov/images/farewell-to-mars

https://mars.nasa.gov/resources/25838/mastcam-z-video-of-ingenuity-taking-off-and-landing/

https://www.jpl.nasa.gov/images/farewell-to-mars
https://mars.nasa.gov/resources/25838/mastcam-z-video-of-ingenuity-taking-off-and-landing/


Questions?

16



Backup
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https://www-robotics.jpl.nasa.gov/publications/Mark_Maimone/2020-mobility-trending.pdf

Curiosity:    21.3 km in 7 years

Yellow line: 43.5 km

This figure:  1000 x 575 km

trek.nasa.gov
https://www-robotics.jpl.nasa.gov/publications/Mark_Maimone/2020-mobility-trending.pdf
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Separation Uncertainty

• Dispersed separation magnitude +/- 10%, ballistic coefficients +/- 5%, and atmosphere

• Minimum separation: 

• 9.98 km average

• 0.407 km STD

• Maximum separation:

• 163 km average

• 7.30 km STD
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Guidance Performance Results
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SHIELD Drop test (from Chad Edwards, JPL)
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Earth Feasibility Space
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Venus Feasibility Space
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Titan Feasibility Space
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Neptune Feasibility Space


