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Table 1  Specification of experimental appa-

ratus
BREhE— & 0.28 Nm, 1660 rpm, 24.0 V
Ta—4% | By h/EER (53fERE) 1000
T/ XX IUT AA¥ L, MCMO08050H10K,

A he—7 : 500 mm,
A=A LDY—FK:10 mm

(GK) ET7 V&Y.

6

2
<T,_. + (Ts — Tc)e_lm| ) sgné + D, 6 # 0,

Ty =\T.,|T.| <Ts,6 = 0,6 =0,
T,sgnT.,|T.| > T,,0 = 0,0 # 0.

(1)
TIT, T X7 —u BB VY, DTk
BAREL, T, 1340 bv o, T i35 1 EEBE R I
L BEREGEE & O OB R % K% (+T 5 brake-
away h/V7, Ogpp IEA R TA Ry JHETH S
(Fig.2(b) 1) .
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ZHEST HXEORTIOXE OmMmIZBE S, &
TREIE% 0.1V /s OEIETh2 NS E 5. %
LT, =y a—EPH/NER (= a—480/%
JVASY) BB LB, ZOBOALE &
WEEEZLHETD. Znx 10ETD, &XMHE
CTIEEER & HEFOH HFE2ITH. b H—213H
BRERNG A — S EEGHI-DORETHE. T
bbb, ¥y UEEHERTHNTEORLE
NI EFET D, b, EEERITPID 2> b
B—JIZEVEBRLTEY, HELFEXIZEZX
R ORIEERY IR (FXE TERES & W[E
RO 5 & Ek). £72, BE MLV IIERE=
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%1%, breakaway bV 7 Ty, 7 —u U EEE L
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DIREE /N RIBEIZEDL D —T 7 49 MIT
Lo Tk, 2k, FEDKRIZIZO rad/s I

Fig. 2 (a) The Static-plus-Coulomb-
plus-Viscous (SCV) friction model; (b) The
General Kinetic Friction (GK) model
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Fig. 3
GK friction model torque(zone BC)

Observed value of friction torque and
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Block diagram for friction compensa-
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Tracking errors with different control
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Fig. 6 Control efforts with different control

schemes
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Table 2  Max tracking errors

HIER] | HIBERRZE (rad) | HKBIEEZE (rad)
BRI E e L BEEEEDY
PID 0.3598 0.1669
PD 0.3704 0.1737
MB 0.2962 0.1822
LQ 0.1334 0.1099
PFC 0.0628 0.0560
Table 3 Energy of control effort
HIER | BEEO LY | BEEOT XX
R E e L BEERE D Y
PID 2.3180 0.8185
PD 2.3041 0.8176
MB 2.1575 0.6999
LQ 2.4736 1.2459
PFC 2.2600 0.9912
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DI LEMER L. Sk, MEKEMEEZEL
T HIEA DR FHe LQ & PFC #HIEDOREIED
i, PFC O RFELZRFTL T L.

il

S5 30K

1) Evangelos G. Papadopoulos and Georgios
C. Chasparis, “Analysis and Model-Based
Control of Servomechanisms With Friction”,
ASME Journal of Dynamic Systems, and
Control, vol. 126, pp. 911-915, 2004.




