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ABSTRACT

If the control force designed on the basis of the mathematical model with parameter errors is

applied to control the actual system, the closed-loop performance of the actual system will be degraded

depending on the degree of the errors. In this study, the effect of parameter errors on the robustness

of several natural controls has been analyzed and compared. Every asymptoic stability condition for the

natural controls has been derived using Lyapunov approach, and the characteristics of the stability

conditions has also been compared. The extent of deviation of the closed-loop performance from the

designed one for the natural controls is derived using operator techniques, and evaluated by numerical

method. It has been found that the optimal control, acceleration feedback control, and acceleration-

position feedback control among the considered natural controls would be robust one with respect to

the parameter errors.
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Table 1 Comparison of the closed-loop eigenvalues between model and actual systems

Model Case (i) Case (ii) Case (iii)
—0.0398+0.3942i | —0.0480=0.39261 | —0.0377+0.3949i | —0.0440+0.2846i
—0.1599+1.5792i | —0.1959+1.57861 | —0.1513+1.5796i | —0.1803+0.8232i
Optimal Structure —0.3576+3.5530i | —0.4394+3.55081 | —0.3384+3.5540i | —0.3141+2.6619i
Poles —0.6368+6.31691 | —0.7832£6.31161 | —0.6026%6.3182i | —0.5993=5.4610i
—0.9987+9.86991 | —1.2286+9.8600i | —0.94529.87231 | —0.9416 8. 4290i
C1.4415+14.21461 | —1.7541=14 21311 | —1.3647+12.21581 | —1.3607 =12.5814i
—0.0404%0.4021i | —0.04960.4049i | —0.0381£0.4017i | 0.6387, —1.4759
~0.1619+1.6107i | —0.1989+1.6312i | —0.1530=1.60681 | —0.0609=0.35651
Structure —0.3642+3.6238i | —0.44793 67121 | —0.3441+3 61531 | —0.5189+2.2458
Poles —0.6476+6.44281 | —0.795346.5277i | —0.6118+6.4273i | —1.0052+5.3901i
N N —1.0118%10.06661 | —1.2413110.1986i | —0.9558+10.0427i | —1.5471+8.3523i
Positive Position —1.4572+14.4979 | —1.7654+ 14 68451 | —1.3776+ 1446131 | —1.9113% 126465
Feedback - - - -
(2nd order) 0.9355+0.23231 | —0.226620.2171i | —0.2379+0.2358i | —0.2226+0.22299i
—0.9436+£0.93061 | —0.9073+0.8643i | —0.9525+0.9447i | —1.0668+1.1587i
Filter —2.1229+2.09381 | —2.0397+1.9400i | —2.1431+2.1255i | —1.7283+2.5703i
Poles —3.7743+3.72261 | —3.6257+3.44521 | —3.81003.7787i | —3.4022+3.7760i
—5.8972+5 81641 | —5.66505.38281 | —5.95315.9039i | —5.3370%5.8219i
~8.4932-+8.3768i | —8.1872+7.83611 | —8.5729+8.5032i | —7.9310+8.3450i
—0.0395+0.3918i | —0.04960.3890i | —0.0370+0.3928i | —0.233+0.2861i
—0.1573+1.5551i | —0.1993+1.5398 | —0.1475+1.5583i | —0.0011+0.8908i
Structure —0.3524+3.49921 | —0.4484+3.4631i | —0.33063.50641 | —0.1396%2.62481
Poles —0.6337+6.2194i | —0.8089+£6.15021 | —0.5945+6.23191 | —0.4007 =5.3047i
—0.9795+9.7202i | —1.2516+9.6108i | —0.9190%9.7397i | —0.6175+8.1574i
Acceleration- —1.4283413.9946i | —1.8073 11386321 | —1.3403+14.0207i | —1.0312+12.1807i
Position Feedback —0.2365+0.3183i | —0.2263%0.3269i | —0.2389+0.3162i | —0.2500%0.3331i
—0.9482+1.37891 | —0.0611.44221 | —0.9579+1.36431 | —1.0411+1.4473i
Filter —2.1347+3.10111 | —2.0394+-3.24641 | —2.1566=3.0682i | —2.3780+3.1821i
Poles 3.7882+5 51971 | —3.6158+5.78491 | —3.8275=5.4610i | —4.0162%5.6249i

—5.9295+8,6149i
—8.5221%12.4220i

—5.663419.0293i
—8.1337+12.98001

.9902+8.52401
—8.6097+£12.29211

—6.2857+8.8137i
—8.9654+12.6949i

?model -

Soctuar

Table 2 Deviation of modal damping ratio( %100}
maodet
Mode Optimal PPF1 PPF2 AVP AP AV VP A \Y%
1 20.8016 29.0975 21.4641 26.8748 26.2128 25.6062 17.1231 26.3744 18.0672
2 22.2426 29.8375 21.0602 4.5135 27.5682 20.4696 16.9890 28.2891 18.0674
3 22.6466 30.1613 21.0932 7.0787 28.1406 10.4567 16.5683 28.9126 17.7379
4 22.7857 30.1762 20.9292 28.7363 28.6415 2.5473 28.7277 30.4356 28.9712
5 22.8147 30.1000 20.8132 7.5787 28.8063 2.0353 29.0058 29.7058 29.5557
6 21.3980 26.8419 19.3575 8.3661 27.3190 4.6202 30.4224 27.5676 30.7639
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Table 3 Upper bounds of the deviation vector (| e (¢) || <m || ve(#)

h

Optimal PPF1 PPEF2 AVP AP AV VP A A%
m 1 6.1519 5.4963 6.6929 6.6517 7.1383 6.8364 6.2877 7.1113 6.3530
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