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Application of input shaping in anti-swaying control of rotary crane

JIANG Xiao-jie, MEI Zhi-qian, LI Xiang-guo, SUN Lei
(College of Mechanical & Electrical Engineering, Hohai University, Changzhou 213002, China)

Abstract: Aiming at the problems of payload swings induced by inertia force, centrifugal force and external disturbance during the work of
rotary crane, which can limit the usefulness of cranes and bring safety problems, the input shaping technique was applied. After the analysis
of rotary crane, the mathematical model and the kinetic equation were established. Then, the working principle of input shaping technique
was elaborated. At last, a semi-physical simulation platform was built with Matlab/RTW. Based on rotary crane prototype, the zero vibration
(ZV) input shaper was designed and applied in suppressing the residual vibration of the cargo. Comparing the angle of the boom and crane,
it is found that ZV shaper can effectively reduce the residual vibration of cargo to about 10% . The results indicate that input shaping tech-
nique is effective in cargo pendulation reduction of rotary crane, which can be easily applied, and it has certain engineering value.

Key words: rotary crane; input shaping; anti-swaying; Matlab; zero vibration(ZV)

BrBemE o AR RS . XA BT R i BT M 0

0 5l = e I 2 7O i 2 2 B Ak

A FE AL H AT A AR R ks g
— R TSl LA R s s il
W Tl A= USRI R, AR 280R H g v e
FOLAE B AR 7 1 r RO P AR ™ A P ok
R R RO

TR IR 48 50k s 52, A KSRl By
LB BRI R T, SO AR S 3l A 3l

Wi HER:2013 -04 - 12

FORMZFHA . HAE T A 3h AR R 6 A,
s 428 50 ) 0 B AR mI AL 0 22 0 0B SR i ok
BRI XE PR HL R 2 X LA, DAL T
PR EALE L e b i E A sl R R ROk E 4
ol U Y — > S [

N 22 Bk 5 3 R o D10 45 1 B9 of 52 BE VA
AT oA R P P PR 5 4% ) 2 ok B o) 7 1 42

TEZE RN ZLEA (1988 - ), 2 TLIRE m e, EE SR A 197 BES2E Tl B AR 7 Tl B9 5 . E-mail : jiangxiaojie_only@ 163. com

BEBKRRAN AMET, B, 282, Wi+4: S, E-mail : meizq@ hhuc. edu. cn


http://www.a-pdf.com/?product-split-demo

57

LA, AF < A BT ik A e e TR AL 455 ) B ] - 843 -

. 7. N. Masoud 25" 5% T I} 18] %2 38 f) (o7 '8 2 15t 47
HLR T RGBS, S HL T W, S s R 4
SR A5 2 R JR s 747 £ P B 2R 0, (45 ) T4 A i
WA —E I A N RO &, U B R IR
S, 42 R ST T AE e XERE | L% e B 76 S2BR T
Ve, IR SN 3h L 55 5 2 LA K B R A
AR A RS AL ME LURE 0 315 1 T RS . 5 A
FU, JFER 42 o 7 3 45 o B v AT B, 2 5 Se L, O L
Tot St o S e I B R %, R T LA
TE N B A SRR AL B T T 5 2 e A R
1) 6438 e R4 T LA A0 1) #7769 5% 4342 30 5 Bahram
Kimiaghala 25 B4 iy 55 5 058 9T 2 o 7 1 405 4 16—
L, e s A T LI A ) A S T A B

fiy N AT AR S B 0 e 2% , 5 2 ol R4S BT
2EBE I Singer Z57E L AMH20 90 AEFRIEE L . HRT, H
NI ARAE TR 28 IR F 23 0] 25 K T LA 45
SRS T RO L WA AT TR
S FERFRGR AL, A SO R TR LS T
E Ll O R

BGOSR A T WL 2R Ge AT 0T , 455 A e e
T HLREHL A S | 00 UE 4 A BT v 1 e s A
LIS IR B A A

1 RGHEAR

i@t sk FATL B R A R ] L A ol BRAZEASE R,
K1 R,

B et AL R
PELQ E—& B EMAA T E;0,,0,—FTELEFEA
Fa b EINGIE A L — ML KE L, —FATRE

WP AR PEAAR R N N (x, (1) ,y, (1) ,2,(1) ),
W) Q A B A AT LRS-
ro=1[x,(t) +sin(0,(t))cos(0,,(t))L Ji+[y, (1) -
sin(6,,(t))L, 1]+ [zp(t) +cos(6, (t))cos(0,,
(1)L, ]k (1)
AR B H R AT LA i E s s R
[6,,(1) +2u 6,,(¢) Jcos(8,, (1)) —2sin(6,, (1)), (1)

b (1) +fsin(ein<z)> +icos<ein<t) )L, (1) +2r,

()] = 5in(6,(0)[2,(0 +2u 5,0 ] =0 (2)

B, (1) +2u 6, (1) +5in(6,, (1)) cos(6,, ()0, (1) +

rs . 1 .
Fcos(0, (1)) sin (0, (1)) = -sin(8, (1)) sin (8,

() [, (1) 420, (1) ] =05 (8, (1)) [, (1) +2u

5, (1)1 = eos (8, (1)) sin (8, (1) [, (1) + 2 2,

()] =0 (3)
o u— BN ST BB
H:
x, = L,cosBeosa,y, = L,cosBsina,z, = L,sinf,
TIHN B P BYARAR A -
x, = L,cosBeosa
y, = L,cosBsina (4)
z, = L,sin8

2 R ABIE

fiy AFEIE (Input Shaping) J& — Rl Al it 42 il A
BE4E VR i B] 5 5 RS B DL s B R, B
FE5— Z B AS [ g (RN s 140 Jok o 3 310, % 2R 498 B Bk
T AR SRy Z2 U, 7= A — AN B AR IR B R 4,
Jr LARE R A A BB A .

M ABIE AR ARG N

C(s) = zAie"‘" (5)

2P 2 A ¢k by B0 9 i LA E 32 PR [6] , 73550 3%F B2 5%
S A\ BRI 38 W A AN AR A 5 n— Rk ek P 510 o bk i )
gyie

i NI RE 2 s

%

N
B2 HWABIEIRE
IR I 4% (Zero Vibration shaper) , fij g ZV
NEIE AT LS PRk, 2 fe ) B B i AR I8 s
2 ML TR B AT 0, TE R ERTE 5 &, = A (1) BYPE
FHE, BB i) i R BHLJE 2 58 4 Wi 1y A =

efg”wt

1-7°

x, (1) =A[1 - sin(w,t +6) (6)



- 844 - #l H

™ % %30 &

Hr
w,=w /1 =¢",0=arctan

iR ZV F NI AU S5 A 73 PR 5E
Ji, B

Vi-¢
é, o

A, A, A,
[ ]:[ LA=&+AN
£ 0 1,

PRI A8 WD 157 73 53) A -

—{wt

1 =A, 1--¢ sin(w,t +6) 7
w0 =A (1 ) @

—{w(t—ty)
2 =A, (1 - 3
a0 =1
WS Y 4 A\ TE 45 22 58 10 00 7 A

—{wt
x' () =x,,(t) +x,(1) =A, +A, —eiz(Alsin(a)dt +
1

sin(w, (1 -1,) +0>) (8)

) +Aze§w'zsin(a)d(t—t2) +6)) =

—{wt

(%) = (A, +A,6""cosw,t,)” +Ase™*2sin’ w,t,

A B AR O IR BN H B 00
BIV)E mE A REE S BT m A REZ LY
Z, Bl JE «

\/(Al + A 62 coswt, )+ Ase’ ™ sin’w, t, =0 (10)

R

A et sing ,t, =0
A, +A, et cosw,t, =0 (11)
A, +A, =A
R YA TR R R, 3 MRS 1 Ak K AR o,
=0, M8 LA ARG LA ) 2V B ABIE 280 «

1 K
A, 1+ 1+KA
ZV:[ ]: (12)
l T
0 2

A, — A BIR G A K =e & /170,
3 5 I

3.1 LWERFEHHEE
AHFFE A EE A SC I 5 SR S5 I an ] 3 iR o
WEES

DIl D2 AQQ | filliianzs %ﬂé}zﬁaﬁﬂk—{uﬁg%@@%}—»

NI-6229 A1 |—{fllitiah | —{ FértL |

T &

g Yot

Encoder]2 AO2 —>|161HE3@J%%|—>| %E@%Eﬁm}

VU G+ HE5 |—>

Hrp
AZe{thSinwdtz
« = arctan oy
| A e cosw b,
RS FeAi R AR
A - =
Meatiab 2010b :
OHMAEE
- ={popl [
; vC 5
i R

AU i
S i 5 fe——

- [mI% f
JtHLZRIS %

Encoder 3

R e
Encoder 1 |%EE%E%%I| =
T AR
NI-6601 Encoder 2 S HI 28 [

METHAMIE

_____________________________

K3 SR

G REAE R o0 b S AL e e e AR AL (5
YiEnp 4 pro ) s shfEdl R 3 SRR E
(R Bl 7 LSO B At e S5 0 0 A F (55 it
SEHLA i iz 2l 7 i - AR AU A H 3 38 1L 14 F 4R
i L ALK Bt , 22 T R 0 4 Al FELATL ) AR P BT 20 ) 2

5 EE A AL EHE S Ol s sh R R iR
IE B THRAL A R —A P R FR SE

ARG EESRAIH] Matlab i) RTW (Re-
al-Time Workshop ) #ibt | 12455 2 Matlab/Simulink ft—
ANHEA T IR R, AT LA RTW 455 g ply it . PC



FERAN , 45 0 AR TR T e ke TE AL 42 v A

. 845 -

K4 Jiefe i AL

SR 22 G0 00 2 SE W B, BIFE A AR A | S FRasi Y
ARG L PRSI R — B Tz T i B RS
3.2 XRERESWT

ZELEAE IR SR & ERIT, R A N
B, R GEma o E AL i AR A

SIS MR 1 kg, REESIR K 0.001 s, 48K
B1.3 m, fHJE HEIERIH O, FZEPIS LA (L —1)

gt :[Ai] :[0.8 0.8 -0.8
1 0 1.144 1.5
Inputzvzz[Ai] :[1.5 1.5 -1.5
L 0 1.144 1.5

TO— AR O N M E A A AR AR AR S (&
6 fi7n . HIEITT LU Y, 78 it fin 1 42 42 ] SR i 15 20
T, BRI 38 i) BRIl i AP, RGEE L)
S AR A A5 R AR T , O HL B s 3 A 15 R
R AL 2 AR B EE  , f BE R R S 4 KA 6, T8
R AN 1.3 m, RS IR N A -
w;=w V1 - 2= \@=2.7456rad/s

0

N\ —— e T A
Vo VIR TR

1

d/deg

-10

-15

s

KIS Tol—mE N

EFEN 1.6 m/s*, AL RN 2.4 m/s; T
BEN 3 m/s” HEERKH 4.5 m/s) Lt T ALIBUE IR
i83f), i TAE S B BAE - 1l A ARSI R,
TE M R AR e F A LIz 3o P i E AR i P 3230
L

ARG IRG N 1, =21 /1/g, N ILTE S B
YR, Mag KA i, RO AT 8 5 2R Ge 4R % JA 0, 1225
Kb R E ARSI AW 2. 288 s MRAE(12) , fa
ABILAF At 7o ha(12) Al il ol
— YR AR 2

=[]

ZV[][ 11440

ERESIANETING il bR

A, 1.6 -1.6 -1.6
Inputl:[ ]:[
L;

1. 144]

1.6
0 1.5 3 4.5]
R}

(1 lo 15 3 as

N T ERRIE R R R BT RE 2 T — .

RGAICHI AT BN -

-0.8 -0.8 -0.8 0.8 0.8
2.644 3 4.144 4.5 5.644]
-1.5 -1.5 -1.5 1.5 1.5
2.644 3 4.144 4.5 5.644]0

T — b B AR A A KRR 0. 855°, Tl —rh
%Ei’%ﬁ%ﬁ%ﬁi‘%@%Z 655°, 483 ZV A Z )5 AT

— AT, ME ALY TN AR A RS ER AR T
xﬁlE’JEﬂ%'J , LU — M E A AR R 0. 09°, J2 R Jin
i NBIEARIAY10. 5% , THL 28 0.36° , 2 A A
HILARNAY 13.5% o (AR RGERIB BN AR T, %02
EPSPIIREET DA <3 A5 K51 WANIED R a0

J — BN B A R
- = ZViE i EE AR

K6  TOl Nk



. 846 - HL L

e %30 &

4  ZEWRIE

ABEFEAE ST e FAL R e A Bl L, 51 A
ABICL ARG A R LS 5 L, A
Ao it 1 2V i A B 4%, OF LU T A S
SRV AR EL RS

SLEGAS RN SR i A I BOR AT LUAT 25 410
il e e e F AL rh A i B SR A Sl . B AR
AL, BTG R AT R e M A AT ok sl , I
1113 B A 0] i R EE LS P TAR 5 2

2 % 3Lk ( References) :

(1] R i R AU [ M . K% RO 7 A AL,
1995.

[2] Z= . ETE SR Y & DL H SRR [T]. IDAR
Tk K224k ,1998 ,28(2) :107-111.

[3] MASOUD Z N, HAYFEH A H, MOOK D T. Cargo pendu-
lation of ship-mounted cranes[J]. Nonlinear Dynamics,

2004,35(3) :299-311.

(4] R W, BSCHL B M, A5 R T RELENLIN AR AL AL

HPERGENTELT ] RN EC,2007 ,24(8) :333-326.
ROBINETT R D, PARKER G G, FEDDEMA J T, et al.
Sway Control Method and System for Rotary Crane[ P]. USA
Patent, 5908122 ,1999-06-01.
KIMIAGHALAM B, HOMAIFAR A, BIKDASH M. Feed-
back And Feedforwd Control Law For A Ship Crane With
Maryland Rigging system [ C]. Chicago, Illinois: Proceed-
ings of the American Control Conference ,2000.
PG R, 6 Ji . i AR R A5 S ) S ML S AR ik 3l
[J]. M7 Sl ,2009,29(2) .4245.
BER . FE T4 AR HOAR 4 2 OG5 HLAR T2 1 B 7Y
L] HUBGBT Sl i, 2011 (4) - 124-126.
SINGHOSE W E, PORTER L J, SEERING W P. Input
shaped control of a Planar gantry cane with hoisting[ C]//
Proceedings of the American Control Conference, Albuquer-
que, 1997 :1206-1210.
SINGER N C, SINGHOSE W E, KRIIKKU E. An input
shaping controller enabling cranes to move without sway
[ C]// Proceedings of the ANS 7" Topical Meeting on Ro-
botics and Remote System,1997 :1650-1655.

[ 48 AR ]

(k3% 823 W)

YHSRAESRME o ASHIFFE X TLAN T T 2 43 B
iR 25 A S S BT P A S R S ) A
FERIR R A O AL R Bl 28 kG 25 1k 5 @ 5Lk
(1) % T JoT e RN BR B 5 (3D o BRI 2 0K5 5 RS J3 20 1) 14
VTV B 2 5 (DTN B R o R e B . R T
IR, T ERT FIR 4 A J7THSH T E O SRR
B2 AR v A 2% S vk AR 0 i g

5 4ERIE

AW THIE A AN SE PR = A BRI EE HLATLAL ,
BT AR LA B B AL 220
B MR R R R T & ol % L
fAMARRIRRAE , B T AR I 3R . 2B At 1
AR A2 R PuAl 1 B Oy A i ik,
S TR 2B R, 183 TR E K
JE - F R 750 mm &R T 1200 mm SR, £
THE HIWTFIAR DG IRt VB g S B, S5 1l f 2%
RAERIVE, AFTE S R, AR R 0] i A A i
FFEMIE SR, S TR EHEAL A ZE R I &

2 3% 3Lk ( References) :

(1] B 25 8GR, B . S T rh = AR bR it 8 7

[10]

A [T].BEATOR,2001(8) :8-11.

XN ZAT. SR AR M. JEET AU S i, 1996.

2 9, Efage. =4l e A O &= RGN K&

RZEAMENTFE[T]. HLRL T 42,2001, 18(1) :48-51.

XING Yuan, XING Zhen-rong, WANG Hai-bin. Research

on integrated reverse engineering technology for forming

sheet metal with a freeform surfaee[ J]. Journal of Materi-

als Proeessing Teehnology,2001,112(2-3) :153-156.

YIN Zhong-wei. Reverse engineering of a NURBS surface

from digitized points subject to boundary conditions [ J].

Computers & Graphies,2004,28(2) :207-212.

R IR B, AR ) R R AR E AR [T ] Bl

W5 HLF,1999(3) :16-18.

Ve, Wi TR Z UM 8 2 BARIFE R [T ] 5

PURS B sk in T4 ,2006,13(1) :26-28.

T EI, SRAE AR Ry IR 4 ] = AR AR Y

HEE Nk [ ] ) RA (4 JE %4 ,2003,13(1) :68-72.

AL 5, Iy, A BT LA G 1 = A AR B

Bl e G HOR ) ] FrHART T.25,2007(5) :65-67.
CASKEY G, HAIR Y, HOCKEN R, et al. Sampling Tech-
niques for Coordinate Measuring Machines [ C ]//Proceed-
ings of the 1991 NSF Design and Manufacturing Systems
Conference, Austin. Texas, USA:[s.n. ],1991:779-786.

[4mEE: 7K #]



