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Figure 1 Rotary system structure (1 asynchronous motor, 2 one-way quantitative pump, 3 oil tank, 4 safety valve, 5 oil
filter, 6 hydraulic proportional valve, 7 hydraulic motor)
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Figure 2 (Color online) Proposed control method framework
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Figure 3 (a) Reference signal of rotary system; (b) disturbance of rotary system
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Figure 5 (a) Control input of rotary system; (b) estimation error of rotary
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Figure 6 (a) Joint estimation error; (b) global terminal sliding-mode surface
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Figure 7 Rotary responses under two variant control methods. (a) Variant 1; (b) variant 2
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Figure 8 Tracking errors under two variant control methods. (a) Variant 1; (b) variant 2
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Figure 9 Control inputs under two variant control methods. (a) Variant 1; (b) variant 2
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Table 1 Control indicators for three control methods

le| (r/min) |ul (mA)
Control method
Mean Standard deviation Integral Mean Standard deviation Integral
Variant 1 1.4203 2.8194 85.2169 0.0246 0.0398 1.4710
Variant 2 0.0009 0.0037 0.0525 0.0245 0.0403 1.4694
Proposed 0.0008 0.0005 0.0475 0.0245 0.0399 1.4683

*® 2 WIRTRE TP A RHEH 75 ARSI M REFEAT

Table 2 Control indicators of various control methods during response

0<t<20 20 <t <40 40 < t < 60
Control method
tr (s) o (%) ts (s) tr (s) o (%) ts (s) tr (s) o (%) ts (s)
Variant 1 1.290 2.426 2.451 4.193 5.150 3.284 4.269 10.807 3.718
Variant 2 1.508 0 1.291 1.121 0 0.981 0.659 0 0.581
Proposed 1.457 0 1.287 1.119 0 0.977 0.646 0 0.579

4.2 FRRAZEEMMNAEIS LS
4.2.1 MEMBTHHEI LS
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Table 3 Control indicators of various control methods during response

0<t<20 20<t <40 40 <t <60
Control method
tr (s) o (%) ts (s) tr (s) o (%) ts (s) tr (s) o (%) ts (s)
Comparison method 1 1.303 2.010 1.471 0.987 2.361 1.241 0.585 3.043 0.929
Comparison method 2 1.452 NAN; 1.292 NAN2 NAN; 0.981 0.581 NAN; NAN3
Comparison method 3 1.359 0.708 1.274 2.412 0 1.013 9.311 0 1.346
Comparison method 4 1.506 0 1.293 2.512 0 0.981 2.204 0 0.585
Proposed 1.457 0 1.287 1.119 0 0.977 0.646 0 0.579
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Figure 10 (a) Disturbance estimates and (b) their estimation errors
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Figure 11 Rotary responses of four comparative control methods. (a) Comparison method 1; (b) comparison method 2;
(c) comparison method 3; (d) comparison method 4
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Table 4 Control indicators for five control methods

le| (r/min) |ul (mA)

Controller

Mean Standard deviation Integral Mean Standard deviation Integral
Comparison method 1 0.3708 1.1381 22.2469 0.0246 0.0409 1.4787
Comparison method 2 0.8596 0.5895 51.5761 0.0247 0.0430 1.4827
Comparison method 3 0.2750 0.6817 16.5026 0.0244 0.0397 1.4635
Comparison method 4 0.0158 0.0768 0.9492 0.0244 0.0400 1.4669
Proposed 0.0008 0.0005 0.0475 0.0245 0.0399 1.4683
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Figure 12 Tracking errors of four comparative control methods. (a) Comparison method 1; (b) comparison method 2;
(¢) comparison method 3; (d) comparison method 4
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t(s)

Control method el (x/min) ful (mA)

Mean Standard deviation Integral Mean Standard deviation Integral
Comparison method 1 0.4046 1.1358 24.2735 0.0239 0.0409 1.4320
Comparison method 2 0.9055 0.5364 54.3286 0.0247 0.0402 1.4803
Comparison method 3 0.4241 0.4683 25.4463 0.0237 0.0401 1.4221
Comparison method 4 0.0138 0.1020 0.8262 0.0238 0.0400 1.4209
Proposed 0.0040 0.0008 0.2409 0.0237 0.0399 1.4212
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Figure 13 Control inputs of four comparative control methods.
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Figure 15 Tracking errors of four comparative control methods. (a) Comparison method 1; (b) comparison method 2;
(c) comparison method 3; (d) comparison method 4

*e6 TERHMES

Table 6 Main components and their types

Component Type Component Type

Hydraulic proportional valve GP8045A591/174 Hydraulic motor BM6
Angular transducer WDD35D4 CPU S71200
Input module SM1231 Output module SM1232

*® 7 AR ARIERIERR

Table 7 Control indicators for five control methods

le| (r/min) lu| (mA)

Control method

Mean Standard deviation Integral Mean Standard deviation Integral
Comparison method 1 0.7682 2.3572 46.0897 0.0247 0.0413 1.4814
Comparison method 2 2.1424 1.4613 128.5392 0.0245 0.0402 1.4711
Comparison method 3 0.7048 2.1822 41.2864 0.0249 0.0403 1.4721
Comparison method 4 0.1637 0.5054 9.8209 0.0254 0.0405 1.4735
Proposed 0.0271 0.0605 1.6237 0.0245 0.0399 1.4683
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Figure 16 Control inputs of four comparative control methods. (a) Comparison method 1; (b) comparison method 2;

(¢) comparison method

16 PUFht EEimHI 75 A AT HImA

3; (d) comparison method 4

N
Three- position
four-way
proportional
) reversing valve |

17 (RRHRE) REZRFE

Figure 17 (Color online) Hydraulic experimental platform. (a) Proportional valve; (b) hydraulic motor
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Figure 18 Tracking errors of five control methods. (a) Comparison method 1; (b) comparison method 2; (c) comparison
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Abstract In the process of coal mine roadway support, the rotary system of hydraulic roofbolter exhibits
significant nonlinear characteristics such as dead zone, time-varying parameters, as well as internal and external
disturbances, leading to challenges such as low accuracy, slow response speed, and overshoot in speed tracking
control. As a result, achieving high-quality and efficient support operations becomes challenging. To address these
issues and enhance the automation, safety, and reliability of roadway support, it is crucial to design an effective
control method. Therefore, this paper proposes a global terminal sliding-mode finite-time control method based
on an adaptive observer. Firstly, based on tracking error, an adaptive extended state observer is designed, which
can dynamically adjust the estimation gains to respond to the system’s dynamics in real-time, thereby improving
disturbance estimation and system tracking performance, effectively overcoming the nonlinear characteristics
and improving dynamic performance. Secondly, a novel global terminal sliding-mode surface is constructed by
integrating tracking error and estimation error employing a designed fast, smooth, and continuous convergence
function. On the basis of this, a global terminal sliding-mode control law is proposed based on the Lyapunov
method to enhance the steady-state performance. Subsequently, the disturbance estimated by the observer is
compensated in the sliding-mode control law, forming the proposed controller. Finally, the finite-time stability
of the rotary system is proven based on Lyapunov stability theory. The effectiveness of the proposed method is
verified through comparative experiments.

Keywords hydraulic roofbolter, sliding-mode control, extended state observer, finite-time stability, convergence
function
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