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An Analysis of the Limit Cycle Observed in the Functional
Mockup Test of the NAL QSTOL Research Aircraft

Hiroyuki YAMATO, Tadao UCHIDA, Noriaki OKADA
Toshio OGAWA, Akira TADA

ABSTRACT

The Quiet STOL research aircraft under development at NAL is
equipped with the Stability and Control Augmentation System (abbrevia-

ted SCAS). When the SCAS Pitch CWS mode is engaged in flight simulation
tests using the control system functional mockup, a small limit cycle is
observed.

In this paper, the method of describing functions is used to analyze
this problem, because nonlinearities in the mechanical linkages and the
power actuator play an important role in sustaining the limit cycle. To
construct a mathematical model of the control system, nonlinear elements
are employed so that the model responses may accord with functional
mockup test results including the frequency response.

Through both the test and the analysis, it is shown that the pres-
ent method is an effective tool for analyzing the limit cycle. And it is also
clarified that the limit cycle observed is not so annoying to the pilot and
1s within the limits of the MIL specifications for sustained oscillation.
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CWS

FFT . Fast Fourier Transform

. Control Wheel Steering

IRS : Inertial Reference System,
EHEERE

NASTADT :NAL STOL Aircraft Development
Team

P—p . peak to peak

PWR ACT ! Power Actuator

SAS : Stability Augmentation System

SCAS . Stability and Control Augmentation System

SSA ! Series Serve Actuater

STOL : Short Take Off and Landing
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