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Abstract

12th,February,2009
A Disturbance Attenuation Controller Design which Explicitly
Dependent on Physical Parameters of Two Inertia Systems
No.07504688
YUTA sugano

Department of Mechanical Engineering
Nagaoka Univercity of Technology

In recent years, commercial products of servo motors have been improved in order to achieve better
control performance by automatic tuning of controller to adapt various types of controlled object
without user tuning, where conventional notch filters and/or PID controllers are chosen as the basic
structure of controllers, and their parameters are set by estimating physical parameters of the system
e.g. inertiamoment of loads, frictional torque, and so on. Such simple structure of controllers make it
easy to tuning process when physical parameters of controlled object is changed, however, it also poses
limitation to achievable performance. Nevertheless, such simple structures are widely implemented in
commercial products of servo motors. Moreover, there is no need to utilize such simple structure of
controllers. On the other hand, it is possible to design optimal controllers by robust control design
such as H oo control design in the sense that H oo norm. However, the relationship between dynamic
characteristics of resultant controllers and physical parameter of controlled object, is not clear, which
leads that controllers have to be redesigned when controlled object is changed. In this paper , we verify
the achievable performance of simply architecture controller (P,PI controller) employed on traditional
servo system and flexibility complex architecture controller(H o ) by way of experiment For actual
control object. Next, for the solution of above problems, we proposed a controller that explicitly -
contained physics parameter of control object based on stabilizing controller, and conduct simulation
and controlled experiment. In the result, shown the controller architecture set a limit on the achievable
performance. This controller based on virtually-architecture of H o controller that make closed loop
transfer function to zero, and promising good performance than traditional approach The followings
are shown:

e If physics parameter is clearly, controller architecture is decided loosely, thus we can easily
redesigned in case of parameters changed.

e The proposed method have less restrictions in architecture of controller than traditional approach
and which make unstable controller by tuning two parameters thus this controller have a lot of
flexibility.



We there fore conclude that the proposed method is practically useful in disturbance attenuation
problems.
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(a) Elastic coupling (b) Rigid coupling
Fig. 2.2: Couplings
Table. 2.1: Specifications of experiment system

gooooooon ooog ¥x—-voooo
SGMAV-02A

ooooooooo oooo ¥—-voooo
SGDV-1R6A

000000000 || 0000000000 NXOOOOo
NXM620A

gooooooon oo NXOOoOOoOo
NXD20-C

pPC DELL Dimension 2100
(Celeron 1000 MHz)

0S RT-Linux 3.2-pre3
Kernel 2.4.22

D/A Interface PCI-360116
(2ch, 16bit, 10u sec)

counter CONTEC CNT24-4(PCI)H
(4ch, 24bit, 1MHz)

PIO CONTEC PI10-32/32T(PCI)H
(2ch, 32bit, 33MHz)

Table. 2.2: Specifications of servo motors
000 ” 0000000000 kg-m? | 0000 W |0O0DOON-m |0000000 N-m
SGMAV-02A 0.116 x 10~* 200 0.64 1.9
NXMG620A 0.162 x 104 200 0.637 1.91




21. OOdoOoo 17

Fig210O0OOOODOODOOODOOO Table230000000000 Table24000

Table. 2.3: Experimental instruments
|00D0000 (kem?) O |

000000000 Jpm || 1.16 x 107°
000000000 Jy 1.62 x 107° 0
O Js 6.05 x 1076 0
0o0oooo Jg 1.99 x 1074
00000000 Jg 1.7x107°
0000000000 Je || 1.5 x107°
ooo J, 1.3 x107°

Table. 2.4: Physical parameters of experiment device

O Items H Values ‘ Description
Jm 2.01 x 10~°kgm? Motor inertia
Jr, 2.58 x 10~ *kgm? Load inertia
Kg 0.53 N - m/rad Stiffness of shaft
Cy 1.57 x 1074 Attenuation coefficient of shaft
Cy, 2.0x 107* Mass attenuation coefficient

Table 23 0000000000000 0OO0O0OOODOOOOOOODOOOOOOOOOOODOOO
gboboobooobbooboboobooooboobooobboobooobooobooboooboooobooo
0000000000 Fig23000000 [mm]00

a0

135

G0

(a) shaft

(b) Load disk

Fig. 2.3: shaft and load disk
OO00mO0OO0-r000000000000000MOO02100000000000000

=" (2.1)



18 o220 0000

000000000000 SS4000000000 7.85[g/em? 000000000

1614 5 68.5 + (£2)* x (135 — 68.5 7.85 x 10712
JS:((z) X + (5)" x ( : ) % X X 6.05 x 106 (2.2)

()= (39)1) x 20 x 7.85 x 10712 x 7

Jg = 5

=1.99x 1074 (2.3)

googd
OO0Table2400000000000 JyOODOOODOOOOODO JoOOOODO 2400 250
gbooooo

vt = Jom + % =2.01x107° (2.4)
Jge —4
Jr=J+Js+Jg+ =+ Je+J. =258 x 10 (2.5)
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0000000000000 0000000000APP-2-0300 25(% 0000

0000000000000 00000000000O000000D000O0D0OOPn21200 32768[pulse/rev]
O00000DOooO0000ooooO000DOooO0o00OooooOoO0ooOD AOSyS-0-0200 1000
000000000 BOSyS-0-0300 10000000000000O00ODOOOODO 10000[pulse/rev]
gbobodgboobbooboobbooboobbooboobbuooboan

ooboboboboobg B

ubboobooboboonbbd = 1000 x
O0oooooooooo A

00000000000 1000 10000[pulse/rev] O OO O
OO00000D0O0O0 Table2500000

Table. 2.5: Parameter of Driber models
Driver model ‘ Parameter H Value
SGDV-1R6A Pn212 32768
Pn400 400
SyS-0-02 1
NXD20-C SyS-0-03 10
APP-2-03 25
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Fig. 3.1: Two-inertia system
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Ts = Kgb,+ Cs(wy —wr)
Jpwrp, = T+ Tg— Crwy, (33)
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3.2 0OOOOOd
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Fig. 5.1: Closed-loop system for frequency response measurement
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