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Transfer Orbits and Launch Window Analysis for Earth-to-Mars
Interplanetary Missions
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ABSTRACT

This paper presents an analysis of Earth-to-Mars transfer trajectories using classical astrodynamics
approaches including Hohmann transfer, Lambert’s solution, and the patched conic approximation.
The Earth-Mars trajectory is modeled in three phases: Earth departure via hyperbolic orbit,
heliocentric transfer orbit, and Mars approach. The transfer orbit, which dominates the mission
path, is designed using Lambert's problem, considering arbitrary departure and arrival dates. Key
design parameters such as C3, the characteristic energy, are evaluated to assess mission feasibility.
Case studies using NASA’s Curiosity (2011) and Perseverance (2020) missions show that the proposed
method vyields arrival date predictions within 1% of actual arrival times under the assumption of
minimum C3 launch conditions. The fork-chop plot method is introduced to visualize and select
optimal launch windows based on C3 and time of flight. Based on the synodic period between Earth
and Mars, the paper suggests October 2026 as a feasible candidate for the next launch, with an
estimated arrival in August 2027. The analysis supports the validity of the approach and provides a
practical reference for future Mars transfer trajectory design.

Key Words : Interplanetary Transfer Orbit(34] 7+ o] #%k), Earth-Mars Trajectory(A+-3Hd
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Fig. 1. Hohmann transfer trajectory
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Table 1. Coefficients of Earth orbit elements
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Table 3. Keplerian elements of transfer orbit
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Table 4. Keplerian elements of transfer orbit

New Mars explorer (Departure Oct 15, 2026
and Arrival Aug 10, 2027)
L 191328806.8 km
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e 0.2837°
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