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Agenda 
• Assume infrastructure in Earth orbit supporting massive payload assembly and servicing 

- The payload performs a single-impulse, high-thrust, in-plane trans-Mars injection 

(TMI) departure for Mars 

- Assess trajectory challenges to infrastructure supporting departures in 2020 and 2022 

• Initially assume payload assembly, servicing, and departure from a height H = +400 km 

circular prograde low Earth orbit (LEO) 

• Review TMI geometric constraints and apply them to the 2020 and 2022 departures 

• Coast the 2020 departure LEO to 2022 with Sun/Moon/J2 perturbations (ignore aero drag 

to simulate orbit lifetime maintenance) and compare to the 2022 departure LEO 

• Introduce the celestial sphere plot (CSP) as a means to assess TMI geometry 

• Suggest strategies by which an Earth orbit supporting 2020 TMI can be evolved into an 

Earth orbit supporting 2022 TMI if the infrastructure can maneuver between TMIs 

- Drop the H = 400 km constraint 

- Drop the circular LEO constraint 

• Cite pros and cons for infrastructure orbit evolution strategies 
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TMI Geometric Constraints 
• Asymptotic Earth departure velocity v∞ is heliocentric velocity in the Earth-to-Mars 

transfer ellipse at Earth departure, minus Earth heliocentric velocity at Earth departure 
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TMI Geometric Constraints (continued) 
• Before and after TMI, v∞ must lie in the plane of payload motion 

 

 

 
The locus of possible injection 

points (LPIP) is a geocentric 

small circle centered on -v∞ 

whose angular radius β is related 

to H at TMI and to | v∞ | 

 

True anomaly in the Earth 

departure hyperbola increases 

from zero at TMI to 180° - β as 

the payload enters interplanetary 

space 



Multiple Mars Departures From Earth-Orbiting Infrastructure 
 

Daniel R. Adamo 4 19 November 2013 

TMI Geometric Constraints (concluded) 
• The geocentric angle v∞ makes with Earth's equator is declination δ∞ 

- For v∞ to lie in a prograde orbit plane, that plane must have inclination i ≥ | δ∞ | 

- Assume launches to orbiting infrastructure occur at δ = +28.5°, imposing the 

condition i ≥ 29.0° in addition to i > | δ∞ | 

- With i > | δ∞ |, v∞ can lie in only two prograde orbit planes: one has TMI on a 

southbound heading, and one has TMI on a northbound heading 

- Assume TMI is on a northbound heading, equivalent to "Pacific" trans-lunar 

injection (TLI) during the Apollo Program 
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Departure Date 14 July 2020 | v∞20 | = 3.665 km/s 

€ 

⇒ β20 = 35.504° 

• Box denotes notional Earth departure window 10 days in duration 
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Departure Date 14 July 2020 δ∞20 = +26.822° 

€ 

⇒ i20 = 29.0° 
• Box denotes notional Earth departure window 10 days in duration 
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Departure Date 9 September 2022 | v∞22 | = 4.309 km/s 

€ 

⇒ β22 = 40.535° 

• Box denotes notional Earth departure window 10 days in duration 
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Departure Date 9 September 2022 δ∞22 = +44.496° 

€ 

⇒ i22 = 45.0° 
• Box denotes notional Earth departure window 10 days in duration 
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Departure Date 14 July 2020 TMI Geometry Summarized On A CSP 
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The 14 July 2020 Departure LEO's Coasted -Hbar Plotted On A CSP 
• Six-day δ cycles arise from daily -Hbar sampling of | δ |-dependent J2 effects 

• Fifty-day δ cycles arise from wedge angle between true and J2000.0 Earth equators 
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The LEO Coasted From 14 July 2020 Has A 73.5° Wedge With The 9 
September 2022 Departure LEO, Requiring ΔvPC = 9.180 km/s 
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Lowering H From +400 km To +342.5 km Can Reduce ΔvPC to 2.114 km/s 
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Deploying Reusable Infrastructure To Support Multiple Mars Departures 
From LEO Is Inadvisable 

• Previous "lower H" strategy is likely incompatible with massive payload 

assembly/servicing (ISS only allowed down to H near +320 km early in assembly) 

• Analogous "higher H" strategy exists, but it will encounter elevated radiation flux (ISS 

rarely exceeds H = +430 km at i = 51.6°) 

• Neither H strategy addresses tracking minimum i variations between departures 

 

Consider Assembly/Servicing In An Elliptical Earth Parking Orbit (EEPO) 
• TMI must be near EEPO perigee to take advantage of the "Oberth effect" 

• If planar corrections can be placed near EEPO apogee, they are highly efficient 

• An EEPO permits nearly all TMI energy ∆vTMI to be expended with each payload 

element delivery: could eliminate cryogenic propellant storage requirements for TMI 

• An H = +121,639 x +400 km EEPO has been assessed for 14 July 2020 departure 

- Offers 2-day phase repetition and standardized rendezvous planning/procedures 

- Higher perigee probably will be required to reduce long-term radiation exposure 
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The EEPO Reduces 14 July 2020 ΔvTMI From 3.779 km/s To 0.893 km/s 

At TMI, EEPO perigee is 

typically located at ~8 PM local 

solar time 

 

Loitering in the EEPO ~4 

months post-TMI shifts perigee 

near local solar noon, and ∆v = 

~0.28 km/s would send 

infrastructure near the SEL2 

libration point 1.5 million km 

outside Earth's heliocentric orbit 

 

A distant retrograde orbit (DRO) 

about the Moon can then be 

accessed with ∆v = ~0.1 km/s 
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GRAIL: An Example Of Low-∆v Lunar Orbit Access Via SEL1 Flyby 
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An EEPO Supporting 2020 Earth Departure For Mars Can Be Recycled To 
Support 2022 Departure With ∆v = ~1.2 km/s In ~10 Months 

PET 

(months) 
Event 

0 First Earth departure season TMI in 2020.  Begin loitering in EEPO. 

4 Depart EEPO for SEL2 flyby with 0.28 km/s TLI impulse. 

8 Return to Moon and achieve 70,000 km radius DRO with 0.1 km/s impulse. 

9 
Perform 0.57 km/s TEI impulse and establish 2-day EEPO supporting second 

Earth departure season with 0.19 km/s impulse several days later. 

10 Begin assembly/servicing operations for second Earth departure season TMI. 

26 Second departure season TMI in 2022. 
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Summary 
• If TMI must be performed from LEO, reusable infrastructure supporting multiple 

payload departures for Mars is inadvisable 

- Large planar deviations may arise between successive departure LEOs 

- Managing these deviations in LEO may require more ∆v than a re-launch 

• An EEPO with ~2-day period is more compatible than LEO with infrastructure reuse 

- Further vehicle-specific study is necessary to develop radiation exposure 

constraints on the lowest permissible long-term EEPO perigee 

- Maximizing the Oberth effect will entail lowering EEPO perigee to ~400 km at the 

apogee prior to TMI.  This impulse could serve as a TMI "readiness burn". 


