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Fig. 1 Schematic diagram of five detectors entering the escape
orbit of the solar system
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Table 1 Summary of characteristics of five detectors”""
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Fig.2 Schematic diagram of various boundary detection concepts

in the solar system
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Table 2 Summary of conceptual plans for solar system

marginal exploration"™””
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Fig. 3 Schematic diagram of marginal detection in solar system
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Fig. 4 Power density of different types of nuclear power sources
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Table3 Common isotopes used in nuclear power sources
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Table 4 Comparison of different thermoelectric conversion
[37-40]

technology paths
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Fm R e R SJRARIE BRI
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Table S Comparison of properties of thermoelectric

conversion materials"'™*"
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Analysis of Energy Demand and Technical Approach in
Solar System Boundary Exploration

HAN Chengzhi', ZHANG He', LIfei', ZHAO Zelong’, ZHANG Haixu’,
WANG Sanbing’, WANG Qunbo’, TANG Yuhua"’
(1. Institute of Spacecraft System Engineering, Beijing 100094, China;
2. China Institute of Atomic Energy, Beijing 102413, China;
3. Institute of Nuclear Physics and Chemistry, China Academy of Engineering Physics, Mianyang 621900, China;
4. Deep Space Exploration Laboratory, Hefei 230093, China;
5. Lunar Exploration and Space Engineer Center, Beijing 100190, China)

Abstract: The exploration of the solar system boundary is of great scientific value and social significance to the heliospheric
physics, interstellar space physics and the origin and evolution of the solar system, and has been highly concerned by various space
research institutions in the world. Limited by long flight distance and long mission time, the solar system boundary probe needs to
solve the energy technology problems of long life, high power and high reliability, which is one of the basic conditions and key
technologies of the implementation of the solar system boundary emplacement exploration. On the basis of the study of ultra-remote
earth surgery explorations at home and abroad and the demonstration of the marginal exploration mission in our solar system, the
demands of the probe energy system were summarized, and the preliminary scheme of the energy system and the key technologies

and technological difficulties were analyzed, which can provide reference for further demonstration of exploration missions.

Keywords: solar system boundary exploration; energy system; key technology

Highlights:

e Based on the unique characteristics of “extremely far, extremely dark, extremely cold, and ultra long term” missions in the

marginal exploration of the solar system, a systematic analysis was conducted on the demand for nuclear energy.

e Combining multiple constraints of detection tasks, a design concept for energy matching of isotope power supply + chemical

propulsion, nuclear reactor + electric propulsion is proposed to meet the requirements of multi scenario applicability in nose tip and

tail direction, and the selection of isotope power supply and nuclear reactor power supply is analyzed in detail.

e Based on the differences between isotope power supply and nuclear reactor power supply and platform supply and demand

systems, power system designs under different technological routes are proposed.

e Based on different nuclear power technology routes, combined with task characteristics, analyze the technical application

difficulties and provide development ideas.
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