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The Mechanical Characteristic Analysis and Improvement of Precision
Position Control System with AC Servo Motor and Ball Screw

Su Chang Ko* and Kyoung Bog Jin'

*KUTE School of Mechatronics Engineering, TKUTE School of Mechatronics Engineering

ABSTRACT

Effect of coulomb friction and backlash on the single loop position control has been studied for the precision position
control. We have showed the limit cycle on the single loop system which used a ball screw that had the backlash. Also,
we have made an inner loop with a classical velocity and torque controller which was forcing the current of d axis to
be zero by using a permanent-magnet synchronous motor and composed the outer loop with linear encoder for sensing
a position of the loader. Also, we have used least squares fit(LSF) observer for reducing noise when we got velocity
from position outputs. We have shown a good result by using the dual loop through simulation and experiment.
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Fig. 1. Block Diagram of the System.
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Table 1. Parameters of PMSM.

Parameter Values Unit
R 1.07 ohm
() 0.17 Wb

p 4 Pole pairs
Lyg 9.3 mH

Ball screw

Fig. 2. Stage modeling.
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Fig. 4. block diagram of the position control system in-
cluding Static, Coulomb Friction and Backlash.
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Fig. 5. Values of the single loop simulation including
backlash and no backlash.
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Fig. 10. velocity output by differential and LSF observer
(sampling time: 5 ms, reference velocity 7.3 mm/s,
target position: 50 mm)

o A¥doly & ¥4& ZA¥+= Fig 103 2o+ 9 2
= o ME4 eld(Sampling time)etch 107]9] wlo]

EHE Ay 0}04 LSF observers E3f 42 to]Efo]n

240l A7 BHE 32 T 5 ek,
.4 B
B ATl e dA @AM wol AHg HA e

AC /ﬂ HEE(PMSM)E ©|& 3o &% /BEX HEE
T Y WY TS TS ¥ 2aFE 080
4% ~Hele H3 22 25 Aot 0|8 5
£ o)F RZE 74 se F 97 A} N2uL 7

4590} E & PMSMe] 547} st mldel o

W= A gl AE g o] u| 88 A] Aled A1, 2007

s £4 gjod N2lef] 2 v 9ol dlslel &
A SASL FAA AlggoldoR Byt Ay o)
] A|2=¥lo] LSF observers #&3l9 AA7tOE &
L343 3 o]z ARER o} A A A" A
39 % 988

B
I

s

1. K. S. Chang, O. H. Kim, “Characteristics of ON-OFF
Position Control for a Linear Motion System under
the Influence of Coulomb Friction and Backlash.”
Journal of the KSME, vol.7, no. 3, pp. 645-651, 1993.

2. Armstrong-Helouvry, B. Dupont, P. De Wit, C.C. “A
survey of models, analysis tools and compensation
methods for the control of machines with friction,”
the journal of IFAC, the International Federation of
Automatic Control, v.30 no.7, 1994, pp.1083-1138.

3. P. Pillay and R. Krishnan, “Modeling, simulation and
analysis of permanent magnet motor drives, part 1:
the permanent-magnet synchronous motor drive,”
IEEE Trans. Ind. Applicat.,, vol. 25, pp. 265-273,
Mar./Apr. 1989. '

4. Grenier, D. Dessaint, L.-A. Akhrif, O. Bon nassieux,
Y. Le Pioufle, B “Expe rimental nonlinear torque con-
trol of a permanent-magnet synchronous motor using
saliency,” IEEE Trans. Ind. Electronics Society, v. 44
no. 5, 1997, pp.680-687.

5.Y.J. Lee, Y. J. Yoon, Y. H. Kim, and M. H. Lee, “A
Study on the Sensorless PMSM Control using the
Superposition Theory,” International Journal of the
KSPE vol. 4, no. 2, pp. 5-12.

6. B. Le Pioufle, “Comparison of speed nonlinear control
strategies for the synchronous motors,” Elec. Mach.
Power Syst., vol. 21, pp. 151-169, 1993.

7. A. Kaddouri, O. Akhrif, H. Le Huy, and M, Ghribi,
“Nonlinear feedback control of permanent magnet
synchronous motors,” in Proc. 1994 Canadian Conf.
Electrical and Computer Engineering, Halifax, N.S.,
Canada, Sept. 25-28, 1994, pp. 77-80.

8. Qian. Xin, Wang. Youyi “Motion control of a linear
brushless DC motor drive system with nonlinear fric-
tion compensation,” Power System Technology, 2004.
PowerCon 2004. 2004 International Conference on,
2004 v.2, 2004, pp.1276-1281.

9. Yasuhiko Dote, “Servo Motor and Motion Control
Using Digital Signal Processors,” Prentice Hall, 1990.



