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Vibration Suppression Control of T'wo-Inertia System using Load-Side State Variables
with High-Resolution Encoder
Shota Yamada™, Hiroshi Fujimoto, Yoichi Hori (The University of Tokyo)

Abstract

For high-precision control of a two-inertia system, position information of both the drive side and the load side is

usually required for obtaining high control bandwidth. In order to reduce the implementation cost and space, a novel

control method, which employs the load side information only, is proposed using a high-resolution encoder which can

measure not only position but also velocity, acceleration and jerk. Simulation and experimental results demonstrate

that the comparable performance can be obtained by the proposed method.
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Fig.1. Block diagram of two-inertia system.
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Fig.2. Frequency response of two-inertia system from

torque input to motor-side angle and load-side angle.
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Table 1. Comparison of control methods of two-inertia system.

‘ Motor-side encoder Load-side encoder Pole assignment Servo

P-PI (Convl) Required Required Impossible X
Semi-dual loop control (®) Unrequired Required Impossible v
State feedback by observer (%) Required Unrequired Possible X
State feedback by encoders(Conv2) Required Required Possible v
Proposed Unrequired Required Possible v
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Fig.6. Velocity resolution by backward difference.

VY — 7 TR TERGEMHIREDY 1IkRER D, FH
FEZIE L L2 hiR 2o, AMAMREERDOAT 2
PR D FHREIEI A T REIZ 22 5,

6 1ZHAE DD EAEAD 1 nm & 100 nm DHE D=
TR OB LR E DN fRREDO IR E RS, TV v
TR RELTBHILIZE D ENBODREERRETE
503, (AHENZEEVHIEMEREZ SIS E 5, SUREE
BOMHIZEE AN 2 ET 5O HEICHNETH 20, FE
AMIZEG T Y - XOESEEEAIZ XD, EUIREARK
DOBMHPAEEIZ R > T E 7z, BEEIE, SoEET Y a—
XOMEHATARRIZRSZ Yy —2/RiEicky, Jrvanr—
FRTHBAMUICB W TAHMENZRIESYE, aar—
FNRTHLERENUI & R U2 ED HLTW3,

(4-2) RF|ZFEOFIR R 1IRUEZXDITREEIZ
i, A TH—NEHWRWEDENH D  HIEERED S
b3z, A E 2 EERE LB HIEE LTna
T2V — R E M-S, WELEA RS, BREMUINALE & £
AL E D Tz & B HIEEERED LB L DRIEZ AL T\ 5
EWIREERD, BB, 77Fa2T—XE LUTACE—X
EHWBHAICIE, N MUVHEIEO - DEREIliz =Y 3 —
ERRENZRBD, (kDT I—RLDIANDHD5
RMEDREE R Ty A — X B2 HWB I ENTE D,

(4-3) RFEDFHET A Q) DIEBKIZ4RTH S
72, 4 DDREEM z = [0, w wr &]" ZHWTR (2)
EIRBEMEHRT 2, X (5)-(10) 285,

j}:Am+bTM7yzcm ........................ (5)
0 1 0 0
0 0 1 0

A= |- 0 P (6)
0 0 0 1
0 Asg Ays Au

zp ZAWT, AMAAE 6, I8 U TERRANES 25
EOMAHEZITS. &b, K 3BT 1Y, 07 I3AfH
I ERSETH %,

Thv=—Fx+xr- oo, (11)
K, .
= ?f(gL L) (12)
d |x A—bF b| | x 0
- = % ..... 13
dt |:I[:| |: —KIC 0:| xXr + K] E ( )

Z D 7= R BERATHN O % HRE) DOJFREMA KR E <0 d LS
BT 5Tk o THRHIEAER SIS,

5. EERHICOWT

(5-1) EBRHORFEME ATV OEESHEEZ,
M 7(a) ICRTHEBEMBRO AT — V2 WS, I DOFHEEREE
%, X7(b) D& S IZEREA (Carriage) & £l (Table) D
2EMRICETY VI TE, BBl AMEIcEN TN 1
nm OPREED Y =7 TV a—XBiEZ S TW5,
A% S SREHRLTE o1 % TOEERR X, Ahnos
FHIALE vo ¥ COMERE X2 dznzh, K (14)-(16)
kb,

X1 _ bios® +bus+bo (14)
F ags* 4 a3sd + a2s? + ais
X2 _ boos® +bors+boo (15)
F  ass* + ass® + a2s2 + ays

as = MmL* + MJ +mJ

as = Mpug + mue + (mL2 + J)C

as = Mkg +mke — MmgL — m?gL + p6C

= (ko — L)C

ai ( 0 mg ) (16)

bos = mL? 4+ J —mLl

bio =mL?+J

bo1 = b11 = He

bzo = blo = ka — mgL

3/6



(a) Experimental setup of (b) Model of the experimen-

precise positioning stage. tal setup.
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Fig.7. Experimental setup of precise positioning stage

and its model.
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Table 2. Parameters of the experimental setup.

Carriage mass M 7.7 kg

Table mass m 5.3 kg

Table Inertia J 1.5 x10~2 | kgm?
Viscosity C 24 N/(m/s)
Spring constant kg 1.7x10% | Nm/rad
Decay constant pg 0.20 Nm/(rad/s)
Length L 9.2x1072 | m

Length 1 8.5x1072 | m

Thrust coefficient K3 27 N/A
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Fig.9. Frequency response of the experimental setup

from input to load-side position.
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Table 3. Comparison of various performance of the proposed method and

the conventional methods in simulations and experiments.

Phase margin  Bandwidth 2% settling time of reference 2% settling time of reference Max amplitude of disturbance

[deg] [Hz] response in simulation [ms]  response in experiment [ms]  response in experiment [um]
Convl 45 5.2 390 130 20
Conv2 45 9.2 70.1 74.2 6.1
Prop 45 9.2 57.2 66.1 5.1
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Fig.10. Comparison of open-loop characteristics.
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Fig.11. Comparison of closed-loop characteristics.
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Fig.12. Comparison of the proposed method and the

conventional methods by step response in simulation.
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