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Comets are samples of small celestial bodies retaining the characteristics at the early era of the solar system and providing
essential information to understand the origin and evolution of the solar system. Previous missions to explore the comets
have targeted short-period ones with orbital period of less than 200 years. However, these comets have approached the Sun
many times, making it difficult to distinguish whether their surface features are original or affected by the solar illumination.
The European Space Agency (ESA) and Japan’s JAXA are planning the Comet Interceptor mission, the first-ever mission
to explore a long-period comet whose characteristics have not been affected by the solar illumination. In this mission three
spacecraft will be launched to observe a comet simultaneously, aiming to gain new insights into the formation and evolution
of the solar system and the interaction between the solar wind and the comet. The spacecraft are scheduled to launch in 2029;
ESA provides the main spacecraft (A) and one of the daughter spacecraft (B2), while JAXA provides the other daughter
spacecraft (B1).

All these three spacecraft are equipped with magnetometers. On Spacecraft B1, to prevent artificial magnetic noise from
the spacecraft itself from degrading the precise measurement of natural magnetic fields, the magnetometer sensor is mounted
at the tip of a 1.5-meter-long boom. The boom, which is compactly stored at the launch, will be deployed after the launch.
However, there are concerns that the magnetometer sensor might not be correctly aligned as designed, because the boom
could be distorted after the deployment. Since this alignment error directly impacts the accuracy of magnetic field data, the
boom distortion is a significant issue. In previous missions such as the Selenological and Engineering Explorer (SELENE)
and the Jupiter Icy Moons Explorer (JUICE), two coils are implemented inside the spacecraft to generate a known magnetic
field for the calibration of the magnetometer sensor alignment. However, for the Comet Interceptor mission, it is not realistic
to install coils since the weight restraint is the high priority. Therefore, we are aiming to develop an alternative method to
estimate the magnetometer sensor alignment using magnetic noise generated by the instruments originally installed.

For the calibration, we are considering using the three reaction wheels that control the spacecraft’s attitude as potential
noise sources. In October, we plan to conduct an experiment to measure the magnetic field strength and direction generated
by these wheels. In our presentation, we will show the results of the experiment and discuss whether we can estimate
the magnetometer sensor alignment by these results. We will also talk about how accurate we may finally calibrate the
alignment. After the experiment, we plan to build a simulation device that can reproduce the magnetic noise from the wheel
to establish the method to determine the alignment of the magnetometer sensor. As the preliminary research, using magnetic
experiment data of a previous project, EQUULEUS, we are developing the programs to analyze magnetic noise and evaluate
the results. This preliminary research would enable us to start smoothly the examination for the Comet Interceptor case.
The EQUULEUS CubeSat was developed by the University of Tokyo’s Nakasu & Funase Laboratory (ISSL) and JAXA.
EQUULEUS, same as Comet Interceptor, uses three reaction wheels for the attitude control. We would also like to present
the analysis result of the magnetic field noise from the wheels of the EQUULEUS flight-model simulator. The magnetic
experiment for the EQUULEUS flight-model simulator was carried in the same Magnetic Shield Room at JAXA’s Institute
of Space and Astronautical Science, where our experiment of the wheels for Comet Interceptor will take place. During
these tests, time variations of the three-axis magnetic field components were measured by two magnetometer sensors placed
at different locations, for different axes and various speeds of the rotation of the reaction wheels. From the measured
magnetic field data, we calculated the directions of the maximum, intermediate and minimum magnetic field variation, and
defined a coordinate system based on these directions. Using this coordinate system, we plotted hodograms to examine the
characteristics of the magnetic field generated by the reaction wheels and feasibility to decide the axis directions determined
by the field variation. We then evaluated how well this noise can be used for estimation of the magnetometer sensor
alignment.
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