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Interplanetary trajectories can be classified into two-dimensional (2D) and three-dimensional
(3D) trajectories, depending on the number of spatial dimensions considered in the analysis.
These trajectories describe the path a spacecraft takes when traveling from one celestial body
to another. The most common celestial bodies for interplanetary missions are planets and
moons within our solar system.

1. Two-Dimensional (2D) Trajectories: In a two-dimensional interplanetary trajectory, the
motion of the spacecraft is confined to a single plane. This plane is typically defined by the
initial and final positions of the spacecraft and the central body (e.g., the Sun or a planet) around
which the spacecraft orbits. The most common type of 2D trajectory is the porkchop plot, which
helps mission planners visualize the energy requirements for a transfer between two celestial
bodies.

Advantages of 2D Trajectories:
« Simplifies calculations and visualization.
e Useful for preliminary mission design.
Limitations of 2D Trajectories:
« Ignores out-of-plane effects, which may be significant for certain mission requirements.
e Less accurate for missions with complex orbital dynamics.

2. Three-Dimensional (3D) Trajectories: In a three-dimensional interplanetary trajectory, the
full spatial dynamics of the spacecraft's motion are considered. This includes changes in all



three dimensions (X, y, and z) as the spacecraft moves from its initial position to its final
position.

Advantages of 3D Trajectories:
o Captures the full complexity of orbital dynamics.
o Provides more accurate predictions for mission planning.

o Essential for missions with high-inclination transfers or other non-coplanar
requirements.

Limitations of 3D Trajectories:

e Increased computational complexity.

e Requires a more detailed understanding of the celestial body's gravitational field.
Key Considerations for Both 2D and 3D Trajectories:

e Transfer Orbits: Trajectories are often described using transfer orbits, such as
Hohmann transfer orbits or more complex trajectories optimized for specific mission
requirements.

o Gravitational Assists: Mission planners may leverage gravitational assists from other
celestial bodies to enhance or alter spacecraft trajectories.

e« Optimal Transfer Windows: The choice of launch window is crucial for
interplanetary missions, as it significantly influences the energy requirements and
mission duration.

Whether using 2D or 3D trajectories, mission planners must carefully consider the specific
requirements and constraints of the mission, including fuel efficiency, mission duration, and
spacecraft capabilities. Both types of trajectories play essential roles in interplanetary mission
design and analysis.



