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Fig.1 Diagram of tank ammunition transfer manipulator
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Fig.2 Simplified model of vibration-based manipulator
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Fig. 8 Motion responses of manipulator in the first experimental group
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Fig.9 Motion responses of manipulator in the second experimental group

5 il RGP TR, B A ARG 4R i RE L
Ay FRCBET TL 5 1 28 B AT A i e TR e S ek

SR, JE T PD # i 5 1k py 5 il #% 7£ 0, 0.125,
0.25 kg 12 T HLWE 1 A9 47 15 22 43 1 o4 £ 0.0447,
0.0753, 0.0596 rad; HL W E 2 /Y9 5 Or 1 25 50 51 o -
0.0344,0.0384, —0.0672 rad , #J i 3 & T 1L & 1 4%
B E LR 25 . FRE IR IR 9 (a) W, B0 0.25 kg 1 %
b, MLAREF 189 R iR 22 B 2 0 s T Ak, ek 5
sk, seah, B 9Ce) ik 5 19 0.5~2 s B, LA
138t 285, I AR JRE 7 A T R PR Y Uk B .
XEWEIRSD T, PD FE ) 8 p 2 H 8 R 3 T

Wi, © 20 T 1 i P 42 o O ORS JEE

J52 e 79 425 1) T v S A5 1% 22 1) 48 W 22 F LA K

B3k ARz A 22 ] IS AT EL an R 3 BT .

3 M7 26 3 AT A S i T B 5 T R X Lyapu-
nov PRI A PR S 18] 48 1 25 A 6T 55 0 T 5 ) A
T 1) ] 52 3G 45 PD $5 6 &% 7E SN 1 #h 0,0.125,
0.25 kg B, AL 1, 2 09 5 o7 15 25 0 28 XA 2 F0 4
S > T 0.0200,0.0772,0.0913 rad ; 6] B 77 7F & B
P& 3h B 5 60 A8 3 B X — B A e > F)

0.0659, 0.0945, 0.1251 rad.

AN TL 56 25 75 H B 2038 i % 0.25 kg i),



136 B T B % W 55 36 &
F3 EHIBRITLE
Tab.3 Comparison of control results S 3 3k
RROrE s kg s®
MAHZ M /rad IS/ (1] 3896, R AR . 4 3 7% M I 50 e 1 325 £ i WL
7 0 0.0099 . T A7 4% o B SR A AR S kI [T ] HR 845 whif, 2015, 34
i 0.125 0.0254 o (22):18.
5 0.5 0.0362 %32 Guo Y F, Hou B L. Positioning control and elastic vi-
1L = 0 00139 bration suppressing of an ammunition transfer manipula-
) 2531 tor with transmission flexibility and payload uncertainty
= 0.125 0.0192 [J]. Journal of Vibration and Shock, 2015, 34(22) :
JE 0.25 0.0017 27 3.2 1-8.
= 0 0.0299 2731 [2] GuoY F, XiB C, Mei R L, et al. Singular-perturbed
7 0.125 0.1026 control for a novel SEA-actuated MBT autoloader sub-
= 0.95 0.1275 ject to chassis oscillations[J]. Nonlinear Dynamics,
PD i} Tk 2020, 101(4): 2263-2281.
= 0 0.0791 I 6 [3] Korayem M H, Nekoo S R, Kazemi S. Finite-time
= 0.125 0.1137 feedback linearization(FTFL) controller considering op-
= 0.25 0.1268 timal gains on mobile mechanical manipulators[J]. Jour-
nal of Intelligent &. Robotic Systems, 2019, 94 (3) :
) 3% bR (3 B0 FE I AR X G B L 5L 24 12T
0.1 ss 76 [7 I 77 26 8 20 45 2 8030 15 9 2% 38 i i T 0 [4] Sun W, Wu Y Q. Modeling and finite-time tracking
T LT R B e B T T control for mobile manipulators with affine and holonom-
’ ’ - ic constraints[J]. Journal of Systems Science and Com-
Liyapunov o £ A7 BRI ] 22 i) 5935 7 4k 347 78 4 plexity, 2016, 29(3) : 589-601.
2l R GE it BAT Rty ) 8 PR R S B0 T P, RE A AT IR [5] Cao L, Xiao B, Golestani M. Robust fixed-time atti-
B ] N 5|5 R GBI H AR tude stabilization control of flexible spacecraft with actu-
ator uncertainty[ J]. Nonlinear Dynamics, 2020, 100
4 z:él: -L/k\' (3): 2505-2519.
[6] Nekoo S R. Model reference adaptive state-dependent
N N n s e riccati equation control of nonlinear uncertain systems:
" ZFIU#@Z@#L&@%{?’%U mlmg&jqﬁﬁh%‘%; regulation and tracking of free-floating space manipula-
B ity 7 — A SN A AR S BRh 5 D0 B2 A 9 T T tors[J]. Aerospace Science and Technology, 2019, 84
S BUHUARE A BRI 1] A L E 4 ) A O il i (1): 348-360.
WO AT NS B R, A SO £S5 S ST AT (7] BRHEL Wy A, S5 R M B A R 2 [ 5 2 b
(1) fEAME 3 0,0.125,0.25 kg B, 2R A& SR HUARE (¥ 5 4 1 205 A4 ) R O A i 3 32
SRR Y TL 32 S AE N T PD 32 28 5 B 2 Bl LT]. MK, 2016,22(6) : 788-796.
{j 2 g ut fﬁ > Al ﬁ}‘ EIJ Uﬁ > 0.0200, 0.0772, LIANG Jie, CHEN Li, LIANG Wulin, et al. Robust
S . adaptive sliding mode control and active dual vibration
?ﬁoi1;[];dﬁijgi;ﬁgjﬁ%ﬁﬁﬁj?;’ig{z;ziJl;gigO%()Zii s.uppre%sion n Flexible joi'nl manipulators of space' sta-
tion with elastic foundation[J]. Manned Spaceflight,
0.0945,0.1251 rad. 2016. 22(6): 788-796.
(2) TL Pl 85 AE A 5 BORHN 22 0.25 kg I, B (9] gkdiwim Bz 28 o 80, %5 . FR 280 R AT HL 8 A 3D 2
ik H bR A7 B Y AR I AR T JT B 21 008 i 2y TR PG B M 1A A R LT]. 4 e 5
0.1 s, 75 [ 17 76 A1 45 S 980 5 57 2 88 0 ) T 2021,38(6) : 775783,
R IS IR ZHANG Zhenguo, CHEN Yanjie, ZHAN Weiwel, et
(3) A% S 45 4 A7 BRI ] R M ) B LR al. Robust adaptive control for unmanned aerial manipu-
yapunoy B8 HE B T 7 42 Hh 77 35 16 47 B 1 0 i 6 lator in (%ynfimlc gliding grasping[J]. Control Theory
and Applications, 2021, 38(6): 775-783.
Ve JRs th TR BHSTIR  RERRVL VA o) seman s b ot . 2 0 DLBRE 7408

il & BE7E AT BR IS (8] 9 51 = REEFN A H AR L8, 2 L
K EE s HRA B S bk S pt T4k .

AR S 3 S AT (). R B TR 2R, 2014, 27
(3):400-407.



e B % L 45

TAR A R 4 3l FE AL B B A IR I ] 5 4 B 42 1

137

[10]

[11]

[12]

[13]

[14]

LOU Junqgiang, WEI Yanding, YANG Yiling, et al.
Active control of bending-torsion-coupled vibration of a
space flexible manipulator[J]. Journal of Vibration Engi-
neering, 2014, 27(3): 400-407.

RURE RS T I R G A | o U SR C Rl
fFFegRiR [T ], # g 5 A, 2020, 37(1) . 1-12.

LIU Yang, JING Yuanwei, LIU Xiaoping, et al. Sur-
vey on finite-time control for nonlinear systems[J]. Con-
trol Theory &. Applications, 2020, 37(1): 1-12.
Rouhani E, Erfanian A. A finite-time adaptive fuzzy ter-
minal sliding mode control for uncertain nonlinear sys-
tems [ J]. International Journal of Control, Automation
and Systems, 2018, 16(4): 1938-1950.

Y1 S C, Zhai J Y. Adaptive second-order fast nonsingu-
lar terminal sliding mode control for robotic manipula-
tors[J]. ISA Transactions, 2019, 90: 41-51.

Wang J K, Chen X Q, FulJ K. Adaptive finite-time con-
trol of chaos in permanent magnet synchronous motor
with uncertain parameters[J]. Nonlinear Dynamics,
2014, 78(2): 1321-1328.

Yao Q J. Robust adaptive finite-time attitude tracking
control of a 3D pendulum with external disturbance: nu-
merical simulations and hardware experiments[J]. Non-
linear Dynamics, 2020, 102(1): 223-239.

Zhou M H, Feng Y, Xue C, et al. Deep convolutional

[18]

[19]

neural network based fractional-order terminal sliding-
mode control for robotic manipulators[J]. Neurocom-
puting, 2020, 416(5): 143-151.

Galicki M. Robust task space finite-time chattering-free
control of robotic manipulators[J]. Journal of Intelligent
&. Robotic Systems, 2017, 85(3): 471-489.

Liu Y, Jing Y W. Practical finite-time almost distur-
bance decoupling strategy for uncertain nonlinear sys-
tems[ J]. Nonlinear Dynamics, 2019, 95(1): 117-128.
Han S 1, Lee J. Finite-time sliding surface constrained
control for a robot manipulator with an unknown dead
zone and disturbance[J]. ISA Transactions, 2016, 65
(1): 307-318.

kR MG A& P AR 33 245 A2 i AL DR T A BT (1) 2 sy 1 AL
FERILT]. o R Tl R %274, 2021,53(1) : 109-116.
YAO Laipeng, HOU Baolin. Fixed-time terminal slid-
ing mode control for ammunition transfer manipulator
[J]. Journal of Harbin Institute of Technology, 2021,
53(1): 109-116.

Galicki M. Finite-time control of robotic manipulators
[J]. Automatica, 2015, 51(1): 49-54.

Ananevskii I M. Synthesis of continuous control of a me-
chanical system with an unknown inertia matrix [J].
Journal of Computer and Systems Sciences Internation-
al, 2006, 45(3): 356-367.

Finite time robust stabilization control for vibration-based

manipulators with payload uncertainty

MEI Rui-lin***, GUO Yufei"*’, WANG Zhi-gang', HAO Zhi-qiang'
(1.Key Laboratory of Metallurgical Equipment and Control Technology of Ministry of Education,
Wuhan University of Science and Technology, Wuhan 430081, China;
2.Precision Manufacturing Institute, Wuhan University of Science and Technology, Wuhan 430081, China;

3.Institute of Robotics and Intelligent Systems, Wuhan University of Science and Technology, Wuhan 430081, China)

Abstract: A robust finite time control method is proposed to solve the problem of long time and low precision in position control of

manipulator with vibrational excitation and payload uncertainty. Firstly, the dynamic equation of the manipulator with external dis-

turbance is established by Lagrange method of the second kind. The vibrational excitation of the base is treated as the inertial uncer-

tainty parameter of the system. A finite time controller based on implicit Lyapunov function is designed. Secondly, in combination

with the lemma of finite time stability, Lyapunov theory is used to prove the proposed control algorithm can converge and stabilize

in finite time, and the calculation flow of the controller is given. Finally, the two-link manipulator arm with based-vibration is taken

as the object, set up the experimental equipment and carry out several groups of contrast experiments considering the vibrational ex-

citation and payload uncertainty. The results show that the proposed method can overcome the influence of the vibrational excita-

tion and payload uncertainty and let the controlled member move to the desire position quickly, with better anti-interference and ro-

bustness.

Key words: robotic manipulator; vibrational excitation;stabilization control; payload uncertainty ; implicit Lyapunov function
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