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Improved prescribed performance model-free adaptive sliding
mode control for ball screw feed system

QU Xingyu, ZHANG Shuang, PENG Chengkun
(School of Electrical Engineering, Shenyang University of Technology, Shenyang 110870, China)

Abstract ; Ball screw feed systems ( BSFS) , as a widely adopted transmission mechanism in industrial au-
tomation equipment, are subject to model parameter uncertainties and time-varying dynamic characteris-
tics of mechanical systems, making it challenging for traditional model-dependent controllers to achieve
high-precision positioning and tracking performance. To address this issue, an improved prescribed-per-
formance model-free adaptive integral terminal sliding mode control method was proposed. First, a com-
pact-form dynamic linearization data model of the BSFS was established based on model-free adaptive
control theory. Then, a discrete-time extended state observer was introduced to estimate and compensate
for the compound disturbances in the BSFS in real time. Building upon this framework, an enhanced pre-
scribed performance function and an error transformation function were designed to ensure transient and
steady-state performance constraints. Furthermore, an integral terminal sliding manifold was constructed

to guarantee finite-time convergence of the system. A discrete reaching law with adaptive switching gains,
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adjusted according to the sliding function value, was incorporated to achieve model-free control, low com-

putational complexity, and high tracking accuracy. Moreover, response surface methodology was em-

ployed to analyze the impact of controller parameters on convergence speed and steady-state precision. Fi-

nally, experimental results validate that the proposed control strategy can quantitatively constrain tracking

and positioning errors of the BSFS, effectively suppress chattering, enhance disturbance rejection capabil-

ity, and ensure rapid convergence of system errors.

Keywords : ball screw feed system; prescribed performance control; model-free adaptive; integral termi-

nal sliding mode control; response surface method
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Table 1 PMSM parameters and structural parameters of

BSFS 3D model
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Table 2 Parameters and numerical range of response
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Fig.4 Interaction effects of key parameters on the system settling time
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Fig.5 Interaction effects of key parameters on system steady-state error
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Table 3 Positioning performance evaluation indexes

T BEHE RARE/wm USRS
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3 [-2.7,3.1] <0.08
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Fig.6 Compared results in larger position signals
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Fig.7 Compared results in larger position signals
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Table 4 Tracking performance evaluation indexes

A VRS [ €amin »€ma ) Egrp/pm
cl [ -15.1,20.0] 5.95
Setl 2 [ -9.0,12.3] 2.64
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c3 [-6.6,6.1] 1.10
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