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Abstract: In order to improve the motion accuracy of ball screw system and reduce energy con-
sumption, a new fuzzy square term adaptive sliding mode control is proposed, which can effec-
tively improve the motion accuracy of ball screw system while reducing energy consumption. The
lumped mass model is used to establish the dynamic model of ball screw. At the same time, the
LuGre friction model is introduced to estimate the friction. The proposed adaptive method can au-
tomatically adjust the control gain according to the change of error square term in the approach
and sliding stage of the nonlinear sliding mode surface. The corresponding boundary layer thick-
ness fuzzy inference system is designed to improve the signal output, reduce flutter and realize ac-
curate tracking while reducing the energy consumption caused by high gain. The experimental da-
ta show that the maximum tracking error is 21. 32 pum when the designed FASMC controller is
used. On the condition of the worktable is added with a 20 kg mass block and high-speed load,
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the maximum tracking error is 22. 15 pm and 24. 97 pm, respectively. Compared with the first-or-

der sliding mode FOSMC controller and other adaptive controllers, the results show that the con-

trol strategy in this study can effectively improve the tracking accuracy and has high robustness.

Keywords: sliding mode control; ball screw system; adaptive control; LuGre friction; tracking error
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Fig. 1 Ball screw test bench
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Fig. 2 Centralized mass model of ball screw system
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Fig. 3 Membership function of input and output
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Fig. 4 The block diagram of the proposed adaptive

control system
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Table 1 Main parameters of ball screw model
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Fig. 5 Reference trajectory of trajectory tracking experiment
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Fig. 6 Tracking error of reference trajectory and experimen-

tal measurement
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Table 2 RMS of error measurement

Rus/pm
FIRE . nm mmmuon e, RS
my + Am
FOSMC 11.7 4.2 3.2
FASMCO® 12.7 4.8 3.4
FASMC® 13.6 5.3 3.5
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Table 3 Energy consumed under the same control

parameters
H 3 BE A/ (MW « h) ke E/ %
FOSMC 272.68
FASMCOD 271.53 1.10
FASMC® 269.75 1.46
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Fig. 7 Tracking error of different control schemes under

three working conditions
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Table 4 Tracking error values under different working

conditions
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