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Abstract

One of the main purposes of the marine gyrocompass follow-up system is to preserve the
sensitive part from the wandering error due to the frictional or torsional torque around the vertical
axis. This error can be diminished through the rapid follow-up action, which minimizes the
relative azimuthal angular displacement between the sensitive and follow-up parts and shortens
the duration of the same displacement. But an excessive rapidity of the follow-up action would
result in a sustained oscillation to the system. Therefore, to design a new type of the follow-up
system, the theoretical annlysis of the problems concerned should be studied systematically by
introducing the control theory.

This paper suggest a concrete procedure for the optimal adjustment of the gyrocompass follow-
up system, utilizing the mathematic model and the stability informations formerly investiaged by
the author.

For the optimal determination of the adjustable paramfter K, the performance index(P.I.),

ITSE(Integral of the Time multiplied by the Squared Error) is proposed, namely,
P.L=[ teat
0

where ¢ is time and e(¢) means control error.

Then, the optimal parameter minimizing the performance index is calculated by means of
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Parseval’s theorem and numerical computation, and the validity of the obtained optimal value of
the parameter K, is examined and confirmed through the simulations and experiments.

By using the propposed method, the optimal adjustment can be performed deterministically.
But, this can not be expected in the conventional frequency domain analysis., While the Mps of
the original system vary to the extent of from 0.98 to 46.27, Mp of the optimal system is

evaluated as 1.1 which satisfies the generally accepted frequency domain specification.
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Fig. 1. Block diagram of the follow system.
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(a) Indicial response of the simulation and that of the observation for Ka.=0. 381.
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(b) Indicia! response of the simulation and that of the observation for Ka=0.441.
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(¢) Simulated indicial responses for two selected Kas.

Fig. 3. Indicial responses,
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Table 1. Overshoots and settling times of the simulated indicial responses for two selacted K.z,

performance index Ka overshoot () settling time(sec)
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Fig. 10. Indicial responses of the optimized system for the various values of wy.

Table 2. Criteria comparison of the optimized system with the non-optimized system.

criterial

relative stability

|
overshoot sett.ling | steady state
K. M; gain phase time | [ ]
\\ margin | margin (%) (sec) l ramp ( sinusoidal
system | (dB) | (des) | (deg) | (deg) _
o l i’
non-optimized 0—1.2 0.8—46 170—0 90—0 0—57 | 5—60 | 22—0.03 |0.08—0. 13
(wn=12.4285) B R S B
0.381 1.1 65 54 17 \ 6 | 0.25 0.08
optimized (ws=12.4285) |
0.381 1.8—1 40—103 | 45—60 40—4 ‘ 10—-3 | 0.25 0.08
i} _109.6<@.<A7) |
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Fig.11. Frequency transfer function magnitudes of the non-
optimized system for the various values of K..
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