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1 Backlash system: a shaft connected to a backlash
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5 Time response of fractional PID control
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Bode diagram

~100

Jaa}

=z

z 50\

,g
U

180 T

o0 F-PID

§ 90 [~ Approx F-PID

o PID

g 0

= e

= M—— !
1075 107* 107* 1072 107t 10° 10t 102 10° 10* 10°

Frequency [rad/s]

7 Bode diagram of controllers

6 EREERE

AL TN Y 7T v a% &0 3EMERICH U TIEE
BOREIR %2 %G U 2 OMEREEMGEL 72, HRV AT A
DETFTY U ZIZEEL Exact model ZFAWS Z 2 Tk I
BIRETNVOMELZERL, YIalb—Ya vOEMNE
A EXEz. ZOEFIVIHL, KO PID Hilf# e IE

TR PID HlH 2 2z FuEAL, YIalb—Ya Vil
X o TG 217572, Z DR, FEECEES PID Hl4H
Ny 7Ty alzi Uik PID #ilfHl & b BN - 2%
MeaN2 NEREBRTELZ Db o, 72, &
IRERAT DAL, FEREEHE PID HlEIZAEkD PID Hil4H
RGBSR B W TENZ T VR e RETE
LRI, INBNRYy I Ty Yl EBAT Bk
BOMHIMED AT s/ EZ5NS.

SHBROBEL LT, BERUANDOETIVIZHT HIE
R AIEIR O FH i REME DG R E Y AT L ADEE
MRERFEE LTEITFON, ERIMEVLLETHS.

S Xk

[1] C. Ma and Y. Hori, “Backlash vibration suppression
control of torsional system by novel fractional or-
der pidk controller,” IEEJ Transactions on Industry
Applications, vol. 124, no. 3, pp. 312-317, 2004.

[2] M. Nordin and P.-O. Gutman, “Controlling mechan-
ical systems with backlash - a survey,” Automatica,
vol. 38, no. 10, pp. 1633-1649, 2002.

[3] M. Nordin, J. Gali¢, and P.-O. Gutman,

b2

“New
models for backlash and gear play,” International
Journal of Adaptive Control and Signal Processing,

vol. 11, no. 1, pp. 49-63, 1997.

[4] A. Oustaloup, F. Levron, B. Mathieu, and F. M.

Nanot, “Frequency-band complex noninteger differ-
Characterization and synthesis,” IFFE
Transactions on Circuits and Systems I: Fundamen-

entiator:

tal Theory and Applications, vol. 47, no. 1, pp. 25—
39, 2000.

[5] A. Lagerberg, “Control and estimation of automo-
tive powertrains with backlash,” Ph.D. dissertation,
Chalmers University of Technology, Goteborg, Swe-
den, 2004.

[6] M. Nordin and P.-O. Gutman, “New models and
identification methods for backlash and gear play,”
in Adaptive Control of Nonsmooth Dynamical Sys-
tems, G. Tao and F. L. Lewis, Eds.
London, 2001, pp. 1-30.

[7] G. Brandenburg, H. Hertle, and K. Zeiselmair,
“Dynamic influence and partial compensation of

Springer-Verlag

coulomb friction in a position- and speed-controlled
elastic two-mass system,” IFAC Proceedings Vol-
umes, vol. 20, no. 5, Part 3, pp. 93 — 101, 1987,
10th Triennial IFAC Congress on Automatic Control
- 1987 Volume III, Munich, Germany, 27-31 July.

[8] G. Brandenburg and U. Schafer, “Influence and
adaptive compensation of simultaneously acting
backlash and coulomb friction in elastic two-mass
systems of robots and machine tools,” in Proceed-
ings. ICCON IEEE International Conference on
Control and Applications, 1989, pp. 407-410.



