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Abstract

Abstract

. The tunneling current only occurs when the gap between the two tunneling
electrodes of the micromchined tunneling gyroscope is in order of 10 A. The
strong nonlinear exponential relationship between the tunneling current and
tunneling gap would result in a very narrow-band device when the gyroscope
operates in open-loop mode. The tunneling current is so feeble that it would be
overlaid by sorts of system noise. So the miniature tunneling gyroscope should be
operated in the closed-loop mode to maintain a tunneling gap of 10 A, and to enlarge
the dynamic range of the device, and to reject the system noise so as to increase the
signal-to-noise ratio. In the design process of the closed-loop control system of the
micromachined tunneling gyroscope, there are series of key technologies such as
model building of the tunneling gyroscope, the design of the control scheme, the
selection of the control strategy, and the implementation of the control system must
be investigated and developed in this dissertation:

1) The dynamic mathematical model of the sensing direction of the
micromachined tunneling gyroscope has been deduced based on Coriolis effect
and tunneling effect and the parameters of the model has been obtained from
both the simulated and experimental results. The constant tunneling gap
closed-loop control scheme has been designed. At the basis of the requirement
of the operational tunneling gap, the step response performance has been put
forward and the selection of the control strategy has been profoundly analyzed
theoretically and calculated by means of simulation.

2) The sorts of noise existed in the working process of the micromachined
tunneling gyroscope has been analyzed and the equivalent current of the
electronic tunneling 1/f noise, electronic tunneling shot noise and Brown noise
have been calculated and compared firstly. The Kalman filter gain and optimal

state feedback gain have been designed respectively based on both the ratio of
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Abstract

the Coriolis acceleration to the electronic tunneling 1/f noise and the step
response performance requirement. Kalman filter and state feedback regulator
have been connected in series to construct the LQG controller for the miniature
gyroscope. The simulated results have verified that the LQG controller can
make the anti-interference of the system increase to trace the reference signal
and could maintain the tunneling gap at 10 A.

3) The LQG control circuit has been designed. The tunneling effect has been
verified by the static measurement results. The dynamic test has been
accomplished by the triangular, square and sinusoidal acceleration actuating
signal, and the tested results indicate that the fluctuation of tunneling gap
about its nominal value can be controlled at approximately 10% of the
reference tunneling gap and increase the reference signal following ability by
the LQG controller.

4) Because the Coriolis acceleration is a time-varying signal, the applied input
angular rate is added as a state variable to establish the extended state-space
model of the micromachined tunneling gyroscope. The time-varying Kalman
filter and the optimal state-feedback regulator have been designed to construct
the previewed LQG controller. The simulated results has shown that the
previewed LQG controller could maintain the tunneling gap at 10 A and
measure the input angular rate with high precision even if the applied angular
rate 1s a slowly time-varying random signal.

Keywords: Micromachined tunneling gyroscope; Control strategy; LQG control;

Previewed LQG Control; Tunneling effect
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