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Digital Optimal Control of Servomotor System
Considering Torsional Vibration Characteristics

Seung-Ho Cho*

Abstract

In order to control the transient torsional vibration of rotational shaft system,
the torsional stiffness of it has beea taken into account in modelling the plant.

In this paper the observer and coniroller has been designed in two ways. One
is to consider the torsional stiffness and the other is to idealize the rotational shaft
as rigid body.

The third order observer considering torsional stiffness shows stable response on
computer simulation. When the observer is designed on assumption of the rotational
shaft being rigid body, the reduced order observer shows stable response whereas
the full order observer shows unstable response.

52




S AUeEs A Agd A4T 1989 12
NOMENCLATURE
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mechanism
Symbaol. Physical meaning Value
gy Polar mass moment of inertia of load | 1.25x10 " Kgm'
J. |} Polar mass moment of inertia of motor|1.25x 10" Kgm'
k Stiffness 5.0 Nm/rad

c Damping Coefficient 5.0x10"* Nms/ rad

Torque Constant 0.261 Nm/A

K. | Back EMF Constant 0.261 Vs/rad

R Resistance 47.06 2

L Inductance 0.2H

T, Time scale 0.0} sec

T Sampling time 0.03 sec
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A7t Fig. 39 H A=~ itk

Continuous-time
State Eq.

Discrete-time
State Eq.

Observer Gain
Using Ackermann
formula

Optimal State
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Digital Optimal Control
Using Observer

Fig.3 Procedure for Computer Simulation

56

HEXWE R=1.002 AT Qo] st
Fol A7EEggs FYuNE Fahsc

QY WAL Q, Q QE Eolm Ydsiw
otegfio} ).

D 429 A2

(1.0 0 0 0
0 10 0 0
R P 107 0
L0 0 0 10]
(1 0 0 0 0
0 107 0 0
QZ: 3
0 0 10 0
0 0 0 107
1.0 0 0 ]
1.0
Q= 0 1.0 0
0 0 0 1.0J
2) 239
Q1=[1.0 0] Q_[l.() 0 }
0 10 “lo 10
1.0 0

Qs_{ 0 1.0]

A71elM T3 HHAZeEF Folm=w oS3
Ackermannd 4 & o]&3st] F& #ZHI] o|So]
Table 29} Table 39 Zzt €AF e Uk
Table 2. Optimal State Feedback Gains

Q5K

Plant"amk q K Ko K Ko
Q, | 6.159E-01 | 5.720E-92 { 2.839E-01 | -2.999E-02

4th Order | Q, | 3,158E-01 4.703E-02 2.725E+00 | -1.172E-02
Q, | 4.206E-02 | ¢.253E-02 | 3.661E+00 | -2.954E-04
Q, | 6.767E-01 6.084 E-02

2nd Order | Q, | 5.327E-01 | 7.498E-02
Q, | 9.256E-02 9.414E-02
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Table 3. Observer's Gain

G&Eigen Eiemval
vﬂlUBS igenvalue G 1 G 12 G 3
Plant of Observer

4 th Order 0.1 -4 .252E +01 | 1.098E +00 | -9.815E +01
2nd Order 0.9 1.822E -01 | 2.272E - 01
0.1 2.97E +01

-‘Ooi Eﬁi—q
0.9, 0.1 &x 2 F2XF BH7|9 HFe
B B d34e 44 (2-0.9°=0,
otk

HEYXEEAo] A 439 Ay &
EE A3yl H3d #F7V|e 3R (reduced
order) && 4x(full order)”} EHojok ity 1y
= 44"‘71 A7t W CAGHFE A
2HAZEe] Bol HEBER opgRIawie]| ofd ¢
gl Ao 2 AEdo] E47F dvh o
gA B dioiMe ARAFEIEE A (gd
body) 2 714 AeoiA BZ71E 1% (reduced
order) && 2x}(full order)2 FAIStY o|lE 43
ZPE Aojd ol&dte A= HEI

AR FERES 47, THVE =2 F2

AejolA FrEgd Qe Wiyl A=GEEAL
) xE dgko] Fig4d] HAHo Slvh
F=Hzg.

A%A7}
ARASE Aol

g
o
=)

Ang. Disp. of Load (rad)

o
~
o
<
B
=
=
L3
[+
3
L
©
©
> T T O L
~ oA
up
£
o T1.00 150
Time (s)
(b)
010
=
g
~ A A ,\ AAA A
" -0.00 AR AR
e y
&
a
© -0.10
LT}
&
<
. -0.20
L]
i
o
[
B T U —
0.0 0.50 1.00 1.50
Time (s)
(€]
— 10.00
o
~N
<
&  5.00
S
< 000 AV%AVAV A
>
a0 -5.00
a
<
4 ~10.00
b
&
~15.00 v
0.0 0.50 1.00 1.30

Fig.4 Responses using the third observer
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