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Abstract

The Garriott – Dzhanibekov (G – DZH) effect is a periodic 180-degree flipping motion that arises when
a rigid body spins about its intermediate principal axis of inertia. First observed in space between 1973
and 1985 using freely rotating objects, the phenomenon has since remained largely unexplored for practical
space applications. Previous research has demonstrated that the effect can be deliberately triggered and
regulated using inertia-morphing actuators. Furthermore, theoretical studies have shown that combining
the G – DZH effect with conventional momentum-exchange devices, such as reaction wheels, can reduce
both energy consumption and maneuver time during typical satellite slew operations.

The ANSER mission, developed by the Spanish Institute of Aerospace Technology (INTA), consists
of a cluster of three 3U CubeSats with both scientific and technology-demonstration objectives. Among
its innovative elements is the use of aerodynamic forces as a propellant-free mechanism to control relative
motion within the cluster. This capability relies on deployable aerodynamic flaps and a comprehen-
sive Attitude Determination and Control System (ADCS). The ADCS includes multiple attitude sen-
sors, such as a magnetometer, fine Sun sensor, nadir sensor, and star tracker, together with actuators
like reaction wheels and magnetorquers. Owing to this advanced control architecture and its explicit
technology-demonstration mandate, the ANSER cluster provides a uniquely suitable in-orbit platform to
experimentally investigate and characterize the G – DZH effect.

Within this collaboration, INTA, RMIT, and PERSEI Space combine complementary expertise in
CubeSat systems, nonlinear rigid-body dynamics, electrodynamic tether technologies, and prior theoret-
ical work on the G – DZH effect. Using the ANSER ADCS, the effect can be intentionally triggered by
commanding the magnetorquers to provide an initial spin about the intermediate axis of inertia. The first
experimental campaign focused on the in-orbit characterization of the G – DZH dynamics under different
configurations, with aerodynamic flaps both stowed and deployed, and with systematic variation of the
initial spin rate about the intermediate axis. To the best of the authors’ knowledge, this represents the
first deliberate in-space demonstration and comprehensive characterization of the G – DZH effect on an
operational satellite. A second flight campaign will integrate the G – DZH dynamics with closed-loop
control using reaction wheels and magnetorquers, assessing its potential for practical attitude maneuver-
ing. Together, these campaigns establish a pathway toward exploiting the G – DZH effect as a natural
and efficient mechanism for future spacecraft attitude control applications.
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