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DEFINING A STRATEGY FOR DEORBITING OF LAUNCH VEHICLE’S UPPER STAGES OF
SPACE LAUNCH SYSTEMS DEVELOPED BY YUZHNOYE STATE DESIGN OFFICE FROM
LOW-EARTH ORBITS

Abstract

During its more than 70-year history, Yuzhnoye State Design Office has launched more than a hundred
launch vehicles with different satellites into near-Earth space. Most of them are “Cyclone”, “Zenit”, and
“Dnepr” space launch systems, which were not equipped with the removal system. As a result of decades
of operation of these systems in low-Earth orbits, there remain about 130 upper stages of launch vehicles.
Their distribution across low-Earth orbits is uneven. It can be represented as several areas in the range of
altitudes of 500-1700 km with different inclinations. Considering that the ballistic coefficient of the upper
stages is no more than 0.005-0.006 m? /kg, their lifetime is tens and hundreds of years. Taking to account
this fact, the different incidents are possible in medium term and long term with their participation.

One of the possible ways to solve the problem of clearing low-Earth orbits from the upper stages of
the ”Cyclone”, ”Zenit” and ”Dnepr” space launch systems is to use passive, active or combined removal
using a service vehicle. To deorbiting of the upper stages orbits the ”Cyclone-4” launch vehicle is planned
to use as service vehicle, which was designed by Yuzhnoye State Design Office.

A comparative analysis of de-orbiting methods for upper stages during a standard period of 25 years
using a service vehicle was considered herein. There are next deorbiting methods were analyzed: method
using a jet propulsion system, method using an aerodynamic sailing device, and combined method (joint
use of a jet propulsion system and an aerodynamic sailing device). Optimal methods of deorbiting for
each of the upper stages of launch vehicles areas of low-Earth orbits from the point of view of the total
mass of the service vehicle has been determined.



