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Abstract:

The aim of this research is to optimize the trajectory of a low-trust spacecraft carrying biological
cargo. Reducing the radiation stresses of the Van-Allen belt is the optimality criterion for
investigating the optimal control of the orbital transfer from lower to higher orbits. Since the
minimum radiation stress criterion introduced in this article is not among the conventional
optimality criteria, the optimal control solutitracon will be complicated and the honey bee
optimization algorithm is used. The path optimization in this article is by rewriting the motion
equations based on the control variable and solving the new motion equations with the help of bee
optimization. Based on the results obtained in the comparison of the optimal criterion of the least
time and the least radiation stress presented in this article, the least radiation criterion causes an
increase of 8.89% in the transfer time. On the other hand, it will reduce the reception of magnetic
radiation, which is important in the transmission of high orbits.
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1. Introduction

In a space mission, the important step after launching a
spacecraft to a specific and pre-determined orbit is
maintaining the position on that orbit. For this purpose,
propulsion systems with chemical and non-chemical fuel
are used in spacecrafts. Reducing the weight and size of
the spacecraft will have a direct impact on reducing
launch costs and thus reducing manufacturing costs.
Therefore, the less the spacecraft is exposed to radiation,
the less resistant coatings it can have against space
radiation, and this will reduce the weight of the
spacecraft and improve its mission [1].

In electric propulsions, the specific impact is high and
the fuel consumption is low, and on the other hand, the
duration of this type of continuous orbital transmission
is long. During the last decades, the aerospace industry
is developing the orbital transfer process with electric
propulsion, because the designers of space missions will
be able to significantly increase the efficiency of
propulsion and propulsion, increase maneuverability and
increase the weight of portable cargo. Also, electric
propulsions have a longer lifespan than conventional
chemical motors. The most important parameters
determining the amount of radiation are: type of
radiation, flux intensity, flux energy spectrum, flux
orientation, type, and spatial distribution of materials

between the source of radiation and the material in
which the amount of radiation is determined [2].

For the presence of humans at heights higher than the
space station and continuous presence in space for long
periods of time and to reduce the economic costs of
space travel, sending food from the earth will be a
definite thing[3]. Therefore, in this research, the optimal
orbital transfer during a low-propulsion maneuver by
means of electric propulsion with the approach of
reducing the radiation stress applied to the plant cargo
has been presented. Solving optimal control problems
with conventional methods of calculus of changes is
usually associated with complexity. Therefore, in this
article, a new solution has been presented using the bee
colony algorithm [4]. In this method, the motion
equations of the spacecraft are rewritten based on the
control variable. The creative method of this article is to
use the honey bee optimization method with high
convergence speed in solving the nonlinear optimal
control problem of orbital transfer to solve the new
equation of motion system. In fact, the newly extracted
differential equations of motion system are considered
as a cost function for the honey bee optimizer [5].

2. Bee colony optimization and algorithm
Ant colony, swarm of birds and movement behavior of
bees are examples of this population system. Artificial

@ COPYRIGHTS
© 2024 by the authors. Published by Aerospace Research Institute. This article is an open access article distributed under
the terms and conditions of the Creative Commons Attribution 4.0 International (CC BY 4.0)

How to cite this article:

I. Shafieenejad "Spacecraft Trajectory Design Regarding Van Allen Belts by Honey Bee Optimisation Algorithm," Journal of Space

Science and Technology, vol. 17, no.2, pp. 1-12, 2024(in Persian).


https://jsst.ias.ir/article_176162.html
https://jsst.ias.ir/
https://creativecommons.org/licenses/by/4.0/
https://jsst.ias.ir/?_action=article&au=150353&_au=Iman++Shafieenejad&lang=en
https://orcid.org/0000-0003-3702-6661

2 / Journal of Space Science and Technology
Vol. 17 / Issue. 2 / SUMMER 2024/ No 61.

bee colony (ABC) is an optimization algorithm based on
the intelligent behavior of bee population [6].
* Initialization
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If there is a node whose number of times of non-
progress has reached G (limit parameter), that node or
candidate point for optimality is replaced by a
random answer and the corresponding counter is set
to zero [7-8].

3. Conclusion

In this method, the motion equations of the spacecraft
are rewritten based on the control variable. To solve the
new system of equations, the control variable at the
beginning and the end of the path is known, the system
of motion equations is integrated. The creative method
of this article is to use the honey bee optimization
method with high convergence speed in the solution of
investigating the nonlinear optimal control of orbital
transfer in order to solve the new equation of motion
machine. In fact, the newly developed differential
equations of motion machine consider itself as a cost
function for the bee optimizer. The bee optimizer
provides the optimal response by obtaining the control
variables at the beginning and end of the path. In the
following, the spacecraft will return to the evidence by
passing through the top of the path. This optimal
maneuver will reduce the amount of radiation received
by the belt and Allen.
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Figure 1 - Proton flux diagram by height for shielding
thichness 0.5 for orbital inclination 60 degress and
energy greater than 4 Megawatts

Iman Shafieenejad

25 x107  projected electron dose rate as a function of altitude and shield thickness 0.5 .inclination 60
3 T T T T

Electron dose rate(rads/day)

.
0 0.5 1 15 2 25 3 35 4
Altitude (Km) x10¢

Figure 2 - Proton flux diagram by height for shielding
thichness 0.5 for orbital inclination 60 degress and
energy greater than 4 Megawatts
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