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ABSTRACT 

The space business in recent years has reached a major turning point. One of the factors is that technological 

innovation has led to cost reduction and miniaturization of rockets and satellites, and the barrier to enter into the 

space industry has been lowered. Constellation systems are attracting attention in recent years as new technologies. 

A constellation system is a system that achieves one mission using multiple satellites. Conventional satellite 

constellations have been used to deploy dozens of large satellites like GPS and Iridium, whereas recent satellite 

constellations for space broadband systems plans to launch 1000 or more small satellites at an altitude of 1000 km. 

Such a large-scale system is called a large constellation. There is a possibility that such a small satellite constellation 

will drastically change the way of space utilization. When a satellite breaks up, hundreds of thousands of space 

debris are generated. They continue to drift in space because there is not much natural purification effect around 

1000 km altitude, and thus debris removal for the large constellation is necessary. Removal methods are categorized 

into two approaches; active debris removal and passive debris removal. Active debris removal is typically used for 

large debris, while passive debris removal (PDR) is used for small debris. Even small debris need to be removed 

because they have enough energy to destroy a satellite in operation. PDR satellites reduce kinetic energy by letting 

them penetrate debris and removes them by forcing them into the atmosphere by reducing the orbital radius of the 

debris. This study investigates the effectiveness of velocity decay of debris using PDR. To this end, this paper firstly 

shows that the PDR can remove small debris at 1200 km. The deceleration equation uses an equation that models 

when the meteoroid rushes into the atmosphere. The shape of the PDR satellite is assumed to be a flat plate always 

keeping perpendicular to the traveling direction, the material is assumed to be a low-density material. It is also 

assumed that debris pass through the low density material keeping the sphere shape, relative velocity, and incident 

angle to the PDR satellite. By passing through the material, the debris are decelerated depending on PDR satellite. 

This paper secondary investigates how much the PDR satellite has improved the space environment depending on 

the PDR satellite’s orbit. A satellite of 150 kg class is analyzed as a broken up object at an altitude of 1200 km. The 

debris was generated by NASA standard break-up model. The PDR satellite is put into the orbit where the ascending 

right ascension is shifted by 72 degrees at an altitude 50 km higher than the debris. Next, the orbit where the most 

space debris and PDR satellites collide is determined. Furthermore, it investigates by examining the orbit after the 

collision whether debris that collides with the PDR satellite has been removed.  Finally, this study shows whether 

PDR satellites or natural remediation effects remove a lot of debris. 
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