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Quantitative Analysis and Iterative Compensation of the Motor Tracking Error

in Linear Motion Systems"
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Abstract In order to solve the problem of unclear quantification of motor displacement tracking error
caused by nonlinear friction and the difficulty of compensation design, an iterative feedforward tuning
strategy based on updating the error correlation coefficient is proposed. Firstly, the nonlinear friction
model of “viscous friction + Coulomb friction” is used to analyse the mechanism of motor displacement
tracking error in linear servo system, and the specific expression of motor displacement tracking error is
obtained. Secondly, the motor displacement tracking error caused by nonlinear friction is linked with the
motor displacement tracking error caused by reference trajectory, and the mapping relationship between
the motor displacement tracking error and velocity, acceleration, Coulomb friction and error correlation
coefficients are established. By updating and judging the magnitude of the error correlation coefficients,
iterative feedforward tuning is performed to effectively compensate the motor displacement tracking er-
ror. Finally, the size of the error correlation coefficients in simulation and experiment under different

feedforward parameters proves the correctness of the motor displacement tracking error analysis, and the
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obvious reduction of the motor tracking error proves the effectiveness of iterative feedforward tuning

based on the error correlation coefficients.

Key words linear servo system,

iterative feedforward tuning
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Table 1  The significance of the values of p, .,

Range of o, , The relationship between ¢ and ¥

0.9 ~ 1.0 Very strong positive correlation
0.7 ~ 0.9 Strong positive correlation
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0.3 ~ 0.5 Weak positive correlation
0.1 ~0.3 Very weak positive correlation
0.0 No correlation
—0.1 ~ —0.3 Very weak negative correlation
—0.3 ~ —0.5 Weak negative correlation
—0.5 ~ —0.7 Medium negative correlation
—0.7 ~ —0.9 Strong negative correlation
—0.9 ~ —1.0 Very strong negative correlation
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Table 2 Flow chart of iterative feedforward tuning
algorithm based on correlation coefficient updating

Step Specific implementation content

1 Initialize &, sk,

v

+k =0, number of iterations i =0
2 Set the maximum number of iterations to M,
the allowable error boundary to p,
and the correlation coefficient threshold to ¢, .q, »q,
3 For i <<M
(1) The motor does positioning motion.
(2)Perform simultaneous acquisition of motor displacement
tracking error e and feature vector vsa, [
4 Calculate and update each correlation coefficient p, »p, +0,
5 if |p, |>¢q, then Change &, by dichotomy
6 if [p,|>q, then Change k£, by dichotomy
7 if |o,[>¢q, then Change k , by dichotomy

8 End if i ++
if max(e)<Zp then End the iterative tuning of feedfor-

9

ward parameters
10 End if
11 End
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Fig. 2 Waveforms associated with S-curve trajectory
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Table 3 Parameters of simulation model

Ttem Value Unit
The mass of the actor, m 1.1 kg
The mass of load, m, 3.15 kg
Viscous damping coefficient, b 20 N-s/m
Coulomb friction coefficient, ¢ 10 N
Thrust constant, K 10. 355 N/A
Limit of current 12 A
Sampling period (position loop) 250 s
Period of current lag 500 s
Maximum displacement, . 0. 045 m
Maximum velocity, v, 0.2 m/s
Maximum acceleration, a ., 5 m/s”
Maximum jerk, j, .. 250 m/s’
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Table 4 Parameters of Smartwin permanent magnet
synchronous linear motor

Item Value Unit
Stator resistance, R 4.33 Q
D-axis inductance, L 19.7 mH
Q-axis inductance, L, 19.7 mH
The flux linkage of a permanent
magnets ¢, 70.3 m- Wb
Acion mass, m 1.1 kg
The mass of load, m, 3.15 kg
Thrust constant, K 10. 355 N/A
Rated voltage, V 220 \Y%
Rated power, P, 103.9

Limit of current 12 A
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