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A new approach for low-thrust trajectory design for GEO to HALO
transfer in three-body problem
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Abstract

In this study, a new approach is proposed to design low-thrust trajectory in the preliminary design
phase for GEO to Halo transfer in the three-body problem. In this method, the approximate and near
optimal trajectory is conducted through guessing thrust angles. In this approach, the in-plane and out of
plane thrust angles are considered as finite Fourier series with unknown coefficients. Since the number
of the trajectory revolutions is unknown, this parameter is also considered as a discrete decision
variable of optimization algorithm. Due to the existence of continues and discrete decision variables,
discrete particle swarm optimization algorithm is employed to solve the problem. The advantages of
this method include: simplicity of execution and low volume of mathematical computation,
considering satellite mass, do not assume special restriction for thrust angle such as tangential thrust
and determination the near optimal mission duration. In order to evaluate the proposed method,
Trajectory design of GEO to Halo is performed for several level of thrust. Results indicate that this
approach determines the number of trajectory revolutions, fuel consumed, near optimal duration and
trajectory of the mission with high accuracy.

Keywords: low thrust trajectory design, three-body problem, preliminary design phase, approximate and near
optimal solution, discrete particle swarm optimization algorithm.
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. Two Point boundary value problem (TPBVP)
. Direct method

. Indirect method

. Equinoctial elements

. Bezier curve

. Synodic reference frame

. Mass parameter

. Throttle factor

. Exhaust velocity

. Specific impulse

. Costate vector

. Switching function

. Free time

. Transversality conditions

. Discrete particle swarm optimization (DPSO)
. Earth-centered rotating frame (ECRF)

. Penalize function



