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Design of a Super-Twisting Sliding Mode Controller with a Nonlinear
Disturbance Observer for Precise Motion of a Ball-Screw Servo System
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In this study, a super-twisting sliding mode controller with a non-linear disturbance observer for a ball-screw servo system
was designed to obtain a precise motion and fast convergent control performance. Unknown dynamics of the servo system
were approximated into pre-assumed diagonal constants for rapid controller design in the real industry to avoid expensive
and time consuming experimental identification process. Moreover, uncertainties due to nonlinear friction, axis misalignment
and dead zone were estimated by a nonlinear disturbance observer, which is combined with the designed super-twisting
controller. The designed controller and observer systems were applied to the 2-axis ball screw servo system to verify the
efficacy of the proposed control system via simulation and experiment.
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Fig. 1 Components of the ball-screw transfer table control system
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Fig. 3 Structure of the ball-screw driver system
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Table 1 Parameter of the ball-screw drive system

X-axis HF-KP23
Servo motor
Y-axis HF-KP13
Servo amplifier MR-J3-20B
Lead of X-axis 1 mm
ball-screw Y-axis 2 mm
. X-axis SR15W
LM guide
Y-axis SRS15 WM
X-axis 200 W
Motor power
Y-axis 100 W

4.1 AlEg|0|M Zn}

7y 9] 9 9x] =% gHEe eyt go] AA ka
xq=5 sin(1.2566 1) (mm), y;=5 co0s(1.2566 £) (mm). A|*17] Al
2 4 Ale71Ee] Adenlaet Ade e BAS A8 =
I o] st cx1=1 cy1= 1= 12} Seholge] 717
£ AofetE® AASAIL, k=8, k=8, ko=10, k=10
Super-Twisting A ©] ﬂ]’ﬂ"‘l‘ﬂi AREAeH, ky=5, ky3
B=35, =20, k=07, k,=0.5= 2](19)9] &40 EH?&
e xde wEStERE AASGIch $5A FebrlEe
E=0.035, 5,=0.006, =,=0.005, Z,=0.0022 AJsPz}2
B4E AR A7 Agsiglen niee 28t A1
3 7PAFe] QR mEke F,=-0.01 cos(0.5 = A3}

Fig. 42 2t AlojAl28lo] 91 3% AuS vehirt,
sMCe] ¢ M oAt dAMoR & AL BT - grk
STSMCE F=FA4Jo| A} B¢ oL} HhakA st 3|
= 97} Ak I8l1 STCNDO: ¢ /jAld 2% A%
S 3Q1E 4= Qi) 22 &S UE Y Figs. 4(b)< 4(c)S

sk AdsatolE o sk o 4= qlek el of2gh
QA= Aoz H|Wl7|¢slo] Table 20 FF2%}2] RMS

Z]
& YERISITh. STSMC7L {3 el H7toll A exp7) A=
[e)

olfis AL @ nha melo] wigh4iet Aeit) 2o BIUA &
7HE 7] whiole}n kit 123 STONDOL: of2fgh 2
SUAE A BAS B 5 9] o] apaaiel 4



November 2019 /1021

mm
o
T

——Ref
= = SMC

- STSMC
—-=8TCNDO

- SMC
F o - — -STSMC
2L STCNDO

£
£
-1k
-2
o 2 4 6 8 10
t (sec)
(b)
0.015
Calculated Disturbance
— — - Estimated Disturbance
0.010 |-
0.005
€
=
0.000
i
-0.005
-0.010 L L L 1
0 2 4 6 8 10
t (sec)

- SMC
- — -sTsSmMC
il ——STCNDO

t (sec)
(©)
0.015 -
Calculated Disturbance
— — - Estimated Disturbance
0.010 |
0.005
€
=
0.000
-0.005
-0.010 L L - L
o 2 a 6 8 10
t (sec)
(e

Fig. 4 Simulation results. (a) The circle position tracking output. (b) Tracking error of the X-axis, (c) Tracking error of the Y-axis, (d)
Disturbance estimation results of the STCNDO system in the X-axis, and (e) Disturbance estimation results of the STCNDO system in

the Y-axis

Table 2 RMS value of the tracking error (Simulation)

SMC STSMC STCNDO
x-axis 120 (100%)  0.17 (14%) 0.12 (10%)
y-axis 1.18 (100%)  0.17 (15%) 0.03 (3%)
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Fig. 5 Experimental results. (a) Circle command tracking output, (b) Tracking error of the X-axis, (c) Tracking error of the Y-axis, (d)
Disturbance estimation result of the X-axis of the STCNDO system, (e) Disturbance estimation result of the Y-axis of the STCNDO
system, (f) Control input of the X-axis of each system, and (g) Control input of the Y-axis of each system.

Table 3 RMS value of the tracking error (Experiment)

SMC STSMC STCNDO
X-axis 0.24 (100%) 0.09 (38%) 0.05 (21%)
y-axis 0.21 (100%) 0.12 (57%) 0.06 (29%)
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