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Backstepping control of permanent magnet synchronous machine for
spiral spring energy storage considering time delay
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Abstract; To mitigate the impact of time delays caused by sampling and communication on the perform-
ance of a spring energy storage system, a backstepping control method for spring energy storage using a
permanent magnet synchronous motor (PMSM) that accounts for time delays was proposed. Initially, a
mathematical model of the PMSM considering current delay was established in the dq0 coordinate system.
Subsequently, a Lyapunov-Krasovskii theory-based Lyapunov function with time delay was designed, and
a backstepping control method was integrated to derive a time-delay backstepping controller for the
PMSM. This controller aims to eliminate the influence of time delays on the system and ensure the closed-
loop stability. Simulation and experimental results demonstrate that as the time delay increases, the con-
trol response deviation and fluctuation impact also become larger, potentially leading to system instability.
Compared to conventional backstepping controllers, the time-delay-considering backstepping controller

exhibits more accurate tracking of the PMSM’ s speed and current reference values under both constant
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and variable time delays. Additionally, it offers faster response speeds and reduced fluctuations, signifi-

cantly improving the impact of time delays on system performance.

Keywords : nonlinear system; spiral spring energy storage system; permanent magnet synchronous motor;

time delay; backstepping control; Lyapunov function
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