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Auto-leveling control for sinking winch mechanism and experimental validation

SHAO Xing-guo,ZHU Zhen-cai,CAO Guo-hua,LI Yi-lei

(School of Mechanical and Electrical Engineering ,China University of Mining and Technology ,Xuzhou 221008 ,China)

Abstract : During the motion of sinking winch mechanism, the platform is prone to tilt and the tension distribution of

the cables is not even,which endangers the workers on the platform. An auto-leveling controller was proposed to make

the platform keep level and the tension distribution become more even based on the inverse kinematics of sinking

winch mechanism. This controller took the pose of the platform and the tensions of cables as the inputs,and outputs the

speed variation of the motors to adjust the orientation of the platform and tensions of cables. Two experiments for lifting

up and lowering down the platform were performed to validate the performance of the controller. And the experimental

results demonstrate that the controller can level the platform and even the tension distribution of the cables effectively.
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Fig. 1  Sinking winch mechanism
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Fig. 2 Experimental setup of sinking winch mechanism
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Fig. 3 Schematic diagram for measuring the state variables
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Fig. 4 Schematic diagram for inverse kinematics analysis
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Fig. 5 Structure of leveling controller when lifting up the platform
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Fig. 7 Tension-even controller

5 SISINE

5.1 R#RAAFRE

PETFR T4 SR AL RN < 1 ks 8 T kR
P BT 0. 1 m P07 5 SR 5 5k HL AL s i D) B
WU 22 B T (0 S A TFURRIRAS MR, i B3
BN a=-11.93°,8=11.24°F1 ¢ =13. 19°,4 4K
sk J1 ok F, =114.1 N, F,=326.5 N, F, =
196.5 N fil F,=115.9 N; BB T2 S8, KA FF
B2 S HALEE K, =0.25,K, =5%107 K, =1x107,
T,=0.1s,a=0.05 m F1 b=0. 1 m; 3k Sy E 545 il 2%
ZH K, =-0.048 Fl K, =-0. 01 , KL EE w=0.4,HHL

BATHYFEWEE E 0, =240 t/min(i=1,2,3,4)
PRI v A S 2 A TN 22 2 5k g A Al ik 7
mE 8 fiR,

MELLE /)

~10 L
5 10 15 20 25 30
T} i) /s
500
— 41
400 Faa -2
Z | i ™., — 43
J300F o, .-
3
=

0 5 10 1'5 2IO 2IS 30
HF 8]/s
B8 PR A AR 22 48K ) (R T )
Fig. 8 Orientation of the platform and
tensions of cables(lifting up)

8 ATLLE Y, 4 Tk B v i S 0 BB A B
Wi ) 0, iX FR B SR AE B T I AR v ) 1R
RSB E A AKTRAS PR 5 38 A A A ok
+0.5°, TE4R Tt B 4 AR AN 22 28 5K ) B 1) T
200 N, FiJ57E 150 ~250 N Z [A] 284k, 875 5 9 22
agak ) LewIR sk 1 s Ty Ay, i El 8 W LUE
LR V- 7y S A I I A 0 22 g 5 g 3 A T T Y B
8] 418 s,

5.2 THOIATRE

TR S R AT SR T A T F
FEBSHLTAT 2. 5 m BYOLE ;SR 50 5 LS S 4% I D) g
MR N 22 A B I AL TFIURDIR S | U, i
BN a=-9.48° B=10.55°F o=11.11°,4 2
455k S14r Wl F, = 110.2 N, F, = 331.2 N,F,=
178.5 N il F, =149. 5 N; &% & #Hl 28 S50 5 =7
RIS h A S B, TGS R T AR A
RV 22 25K A8 Ak AR A&l 9 s, HIE 9 Al
SRR SRS A A T 0, X R T AR
T AR R B i BRSBTS KRS
P 5 BB AL Ry £0. 50, 76 R fE 4 AR
W a2 ok BTk e T 200 N B S 7E 150 ~250 N 2
(AR Ak, PR ) R AR 22 4 5K g el bR sk T oA B
A, V9 IR FWIE - 1 i 2325 R0 S4 1 4K 22 4 5K T o3
A0 T LA AR 18 s,



532 #® X F 0K 2012 44 37 %
15 with ACS800 transducer[ J]. Coal Technology,2009(3) :22-24.
— MRS (4] BIrE REA,EER,F RERTHREEERSE[P]. P
> [¥&#1 :200820036188. 5,2009-02-18.
¢B\§ Qian Qiaoguo, Zhu Zhencai, Huang Jiapin, et al. Speed regulation
i\f( system with transducer for winches group [ P ]. China Patent;
ﬁ 200820036188.5,2009-02-18.
[5] Yu Yi,Yi Jianqiang,Li Chengdong, et al. Fuzzy logic based adjust-
-10 0 ment control of a cable-driven auto-leveling parallel robot [ A J.
IEEE/RS] International Conference on Intelligent Robots and Sys-
tems[ C . St. Louis, USA ,2009 ;2102-2107.
[6] Li Chengdong,Yi Jianqiang, Yu Yi, et al. Inverse control of cable-
-%300 driven parallel mechanism using type-2 fuzzy neural network [ J].
? Acta Automatica Sinica,2010,36(3) :459-464.
3 200 (7] PR MERLr SALP. JETHEMI PID Fiil 0 75 603 4 7
100 FRGELI] AR RFFRCERRRERR) ,2011,31(1) :98-101.
Fang Huaiying, Yang Jianhong, Wu Shiping. Hydraulic leveling sys-
0 5 10 " ﬂ'llg—J s 20 25 30 tem for asphalt mortar vehicle based on fuzzy PID control strategy
[J]. Journal of Chang An University ( Natural Science Edition)
Ko mEESAAM KT (R 2011,31(1) :98-101.
Fig. 9  Orientation of the platform and (8] FRfCt, BAse, bRk, &5 KB HE R 7 5 B st A shi
tensions of cables(lowering down) TR RIFARL ] AR 244, 2011 ,32(1) ;225-229.
Chen Daixie, Yin Bohua, Lin Yunsheng, et al. Auto leveling control
6 z:'n: 'L/e technique for large range atomic force microscope[ J]. Chinese Jour-
nal of Scientific Instrument,2011,32(1) ;225-229.
(DT REAEI L IR AR IEC (o) g o o o BOCHRISA T F AT HL ). 1%
SRR B LR 22 88 5K T3 B %A T R 132 Bl 7y TRHERE AR (AR ,2003,29(5) :594-597.
WT Ljﬁ%’:%l‘l 4 )fﬁ"ﬂ)_(] Q% E’J{(%ﬂ?é% 5 Sheng Ying, Qiu Yuanying. An automatic adjusting algorithm for the
(2) FE T ]38 B A R P T S s ] e , % hydraulic platform with six legs [ J]. Journal of Xidian University
N ('Natural Science Edition) ,2003,29(5) :594-597.
#Q%IJ%%HEE FH I% ﬁgluﬂq—iiﬁﬁu %%*H%%é% g{{jj [10] M Saeed Varziri, Leila Notash. Kinematic calibration of a wire-actu-
i@@f%ﬂjﬁﬁ%ﬂ %gzﬁbyo ated parallel robot[ J ]. Mechanism and Machine Theory,2007 ,42 .
(3) M4 T AR T A v B o - 4 1) 52 56 5% 960-976.
BT B I S RE A S B S T R S S (00 I DR, o5 Mt 6 B % 1 1 50 I A
PRI ST ) FLA BT R 67,2007 (1) 13717,
= Jds s Du Xiaojing, Chen Huirong, Yu Hongyan, et al. Performance test
(4) %%J%gy? ; JEH E‘J?"ﬁiﬂ@j\jﬁr ﬁﬂ:{ﬁ PID 74“1] and analysis for MIMU[ J]. Aero Weaponry,2007 (1) :13-17.
2 I A, e A 0, AR T Tl 5 [12] #f #%.,4 B, LR, 5% ST LabVIEW [ miniAHRS #! &
UM . R 5 RAERRIE 1], BUARHLIR,2010(3) :33-36.
. Shao Tao, Li Ming, Jiang Liangyin, et al. Position and orientation
é%iﬁk : controlling of robot base on LabVIEW and miniAHRS[ J]. Modern
(1] R, B, S T B B B S D] MR Machine,2010(3) :33-36.
2001,20(8) :33-34. [13] X3 S5k PID #24] MATLAB {ii 5[ M. JE5T: Lol i
Wang Shenghui, Li Qiuhui. Accidents and preventive measures in it 2002.
vertical shaft construction[ J]. Coal Technology,2001,20(8) :33 - [1a] WM 5L AL AR BV PID 22T BRSNS 5T
" MR LT, PY% Tk K241 ,2010(5) :478-481.

(2] WL v Ih % SR IR b A S LR D). R Tan Baocheng,Dang Li. The application of variable integral incre-
R.2006.27(4) :33-36. mental PID in the pneumatic ash control system[ J]. Journal of Xi’

) ) an Technological University,2010(5) :478-481.
Xie Zhiming. Application of synchronous intent control for multiple
[15] Xing Lijuan, Yang Shizhong. Fuzzy—PID controller with variable in-

winches in vertical shaft[ J]. Mine Construction Technology,2006 ,
27(4) :33-36.

[3] A, B EERR. F I ACS800 75 451 % X Fa 70 2 1l 2 55 1 e s
[J]. Bt ,2009(3) :22-24.

Bo Zhongcheng, Zhao Yanlin. Reconstruction on the steady vehicle

tegral parameter for temperature control in variable air volume air
conditioning systems [ A ]. International Conference on Electrical

and Control Engineering[ C]. Wuhan, China,2010.:1050-1053.





