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Co-Delivery Concept
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Ballistic Coefficient, kg/m?

wmmmm Orbiters/probes cutoff, 20% p  ----- peak g load, Earth g's
== Orbiters/escape cutoff, £20% p  —.. peak heat rate, W/cm?
- == apoapsis altitude, km

----- heat load, J/cm?
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Ballistic Coefficient, kg/m?

wmmmm Orbiters/probes cutoff, 20% p  ----- peak g load, Earth g's
== Orbiters/escape cutoff, £20% p  —.. peak heat rate, W/cm?
—=—- apoapsis altitude, km .. heat load, J/cm?

1754
150 -

125 ~

100 -

75 1

50 4

25 4

175 -
150 1

125 ~
100 -
75 A

50 -

2515

1754

150 A

125 4

100 +

75

50 .=

25 A

—-12.5" -1p.0
y

Entry Flight Path Angle, deg

Mars entry

6 km/s planet-relative entry velocity

L/D = 0.25
-12 deg entry flight path angle

+/- 0.25 deg entry corridor

18" International Planetary Probe Workshop, July 27t 2021

5



Ballistic Coefficient, kg/m?

wmmmm Orbiters/probes cutoff, 20% p  ----- peak g load, Earth g's
== Orbiters/escape cutoff, £20% p  —.. peak heat rate, W/cm?
—=—- apoapsis altitude, km .. heat load, J/cm?

1754
150 1 * Mars entry
125 -
100 +- : :
e * 6 km/s planet-relative entry velocity
50 A

25 4

* L/D =0.25

1754 » -12 deg entry flight path angle
o0, + +/- 0.25 deg entry corridor

» Apoapsis altitude >= 300 km

2515

175 4
150 -
125 4
100 4+
75 -
50 4.

25 1 208 . ETL ORI
..... * SR - L] By
F - hy -.;-‘f. :..2.?

"y,
.
L ]
"

i

S [y h’h | -1!-

-11.5 -11.0 -10.5 -10.0 -95 -90 -85
Entry Flight Path Angle, deg

18" International Planetary Probe Workshop, July 27t 2021 6

—-12.5" -1p.0
y



Ballistic Coefficient, kg/m?

wmmmm Orbiters/probes cutoff, 20% p  ----- peak g load, Earth g's
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Ballistic Coefficient, kg/m?

wmmmm Orbiters/probes cutoff, 20% p  ----- peak g load, Earth g's A\V
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Bank Moedulation Guidance

* Mars, 6 km/s, -12 deg

e Orbiter:
« L/D=0.25
« BC =130 kg/m”2

» Bank angle modulation

 Guided Probe:
e L/D=0.25
 BC =35 kg/m”"2

» Bank angle modulation

» Passive probe:
« L/ID=0
 BC =35 kg/m”"2
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GuidanceRenformance Under Uncentainty

“d"-‘-

* Orbiter targets 250 km circular orbit

» Probe targets 300 m/s at 15 km (M = 1.3) input Dispersions
Parameter Mean Dispersions
EFPA -12° 300 =0.2°
- - Entry Velocity 6kms~! 30 = 10ms™!
Guided Probe Passive Probe Orbiter 30kem™2 s
70 1 Probe S 35kgm™> +5 %
60 | 60 - 1 - Orbiter L/D 0.25 +5 %
L. Guided Probe L/D 0.25 +5 %
50 A 50 Density Mars-GRAM 2010 Mars-GRAM 2010
: % ]
3 30- o 301 .
S S . ‘.-L Performance Under Uncertainty
10- 10 - .--. Parameter Nominal Mean STD
Orbiter Apoapsis Error O km 30.15 km 63.77 km
0- ~ 5 0 > 0- 20 —0 -10 0 10 -0 30 Orbiter Total AV Cost 73.73ms™! 86.93ms™! 16.92ms™!
Range targeting error, km Range targeting error, km Guided Probe Altitude Error 441.1m 466.3 m 340.7m
Guided Probe Range Error 0 km —0.1798 km 1.084 km
Guided Probe Velocity Error —5.486ms™' —-5.834ms™! 4.278ms™!
Passive Probe Range Error Okm 0.2480 km 9.975 km

Passive Probe Velocity Error Oms~! 0.08603ms™! 11.55ms™!

18" International Planetary Probe Workshop, July 27t 2021



example Mission Scenario



ExampleiMission,. Scenanio

* Mars, 6 km/s, -12 deg

e MSL-like Orbiter:
e L/D=0.25
 BC =130 kg/m”2

« Bank angle modulation

« SHIELD-like rough lander:
- L/ID=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 18
Matthies, NASA JPL/CalTech



https://www.nasa.gov/mission_pages/msl/multimedia/gallery/pia14834.html
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Landing locations for varying AV, separation at E-1 days
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o 1 "Yellow line: 43.5 km

This figure: 1000 x 575 km
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trek.nasa.gov/mars —70 —68 —66 —62
https://www-robotics.jpl.nasa.gov/publications/Mark Maimone/2020-mobility-trending. longitude, deg



trek.nasa.gov
https://www-robotics.jpl.nasa.gov/publications/Mark_Maimone/2020-mobility-trending.pdf
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* 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
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https://www.ipl.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/
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Landing locations for varying separation time, AV = 0.100 m/s
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trek.nasa.gov
https://www-robotics.jpl.nasa.gov/publications/Mark_Maimone/2020-mobility-trending.pdf

’ ' Ge rt K I ' ‘L h = Ab0 ratory S

L

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

Sepanatior

* Minimum separation:
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Guidance Rerommance Results

QOccurrnces
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Fig. 9 Apoapsis results for orbiter Fig. 11 Target range error histograms for guided and passive probes
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Fig. 10 AV cost for orbiter and altitude error for guided probe Fig. 12 Target velocity error histograms for guided and passive probes
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March 5, 2021 SHIELD Drop Test

Mojave playa, covered with
sandstones ~35 mm thick

Peak deceleration <1000 g
(4 kHz LPF)

Recorded at 10,000 FPS
Playback at 30 FPS




=== Orbiters/probes cutoff, £20% p  ----- peak g load, Earth g's
= Orbiters/escape cutoff, =20% p — .- peak heat rate, W/cm?
— == apoapsis altitude, km

----- heat load, J/cm?
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=== Orbiters/probes cutoff, £20% p  ----- peak g load, Earth g's
= Orbiters/escape cutoff, £20% p — .- peak heat rate, W/cm?
—=- apoapsis altitude, km | heat load, J/cm?
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=== Orbiters/probes cutoff, £20% p  ----- peak g load, Earth g's
= Orbiters/escape cutoff, =20% p — .- peak heat rate, W/cm?
—=- apoapsis altitude, km | heat load, J/cm?
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=== Orbiters/probes cutoff, £20% p  ----- peak g load, Earth g's
= Orbiters/escape cutoff, £20% p — .- peak heat rate, W/cm?
—=—- apoapsis altitude, km . heat load, J/cm?
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