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Design of dynamic and static antiwindup compensators for a three-loop autopilot

Mahdi Nikusokhan Lame!

1- Researcher, Aerospace industry organization, Iran.

Abstract

The existence of nonlinear saturation function in a three-loop autopilot of flying vehicle leads to
performance loss due to windup phenomenon. In this paper, a dynamic compensator and a static one
for aniwindup (AW) are proposed. The dynamic compensator available in some references for output
feedback systems is designed so that the controller states of the saturated system are close to the
controller states of the unsaturated system. In this paper, this compensator has been developed for
controllers similar to the three-loop autopilots where the control command, in addition to output
feedback; is also feedback from the plant states. In order to compare with the dynamic compensator, a
static compensator is also designed with a new approach so that the output of the controller tracks the
output of the saturation function and avoid the windup. The appropriate gain of the static compensator
has been obtained based on numerical sensitivity analysis. These two compensators have been applied
on a three-loop autopilot of a tail-control aerodynamic flying vehicle, and the performance of these
compensators have been compared in terms of control in two stable and unstable conditions. The
results show the better performance of the static compensator compared to the dynamic compensator in
tracking the desired command. Also, by simulating the guidance system, it is shown that the use of the
controller with the AW compensator leads to the reduction of miss distance.

Keywords: input saturation, anti windup, dynamic and static compensators, autopilot.
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