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Anti-sway and 3D Position Control of the Nonlinear Crane System using
Fuzzy Algorithm

Tae Young Lee*, Sang Ryong Lee**

ABSTRACT

Crane operation for transporting heavy loads causes swinging motion at the loads due to crane's acceleration
and deceleration. This sway causes the suspension ropes to leave their grooves and leads to possibility of serious
damages. So, this swing of the objects is a serious problem and the goal of crane system is transporting to a goal
position as soon as possible without the oscillation of the rope. Generally crane is operated by expert's knowledge.
Therefore, a satisfactory control method to supress object sway during transport is indispensible. The dynamic
behavior of the crane shows nonlinear characteristics. when the length of the rope is changed the crane is time
varying system and the design of anti-sway controller is very difficult. In this paper, the nonlinear dynamic model
for the industrial overhead crane whose girder, trolley and hoister move simultaneously is derived. and the Fuzzy
logic controller based on the expert experiments during acceleration, constant velocity, deceleration and stop
position period is proposed to supress the swing motion and control the position of the crane. The performance of
the fuzzy controller for the nonlinear crane model is simulated on the personal computer.
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Fig. 1 Overhead Crane System
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Table 1 System Parameters

Parameter names

Values
Mass of the Girder m, 9,500 Kg
mass of the trolley m, 1,150 Kg
mass of the load M 8,000 Kg
torsional stiffness of rope p | 0.1 N - mfrad
mass moment of inertia .
about the traverse axis [, 11,835 Kg - m*
mass moment of inertia .
about the axial axis /, 1,120 Kg -t
radius of motor pinion 7, 03 m
{trolley, hoister, girder) ’

(a) Velocity of Rope of the

dL(m/s)

(b) Length

Rope L(m)

2%

[ 1 2 3 . 5

(¢) Position of the
Trolley y(m)

(d) Swing Angle of
the Rope 6 (rad)
Fig. 2 Dynamic Response of 0 Input
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(a) Velocity of Rope (b) Length of the
dL(m/s) Rope L(m)

(c) Position of the
Trolley y(m)

(d) Swing Angle of
the Rope 6 (rad)
Fig. 3 Dynamic Response of Constant Input to the

Hoister Motor

(a) Velocity of Rope of

dL(m/s)

(b) Length the

Rope L(m)

(¢) Swing Angle of (f) Torque of Hoister
the Rope 6 (rad) TN - m)
Fig. 4 Open-loop Control of the Rope Length
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(a) Swing Angle of
the Rope @ (rad)

(b) Angular Velocity
@ (rad/s)

x-y (m/m)

(d) 3D Trajectory of
the Loads

(e) Rotational Angle
of the Rope ¢ (rad)

(f) Position of the
Girder x(m)

(g) Velocity, of the
Girder x (m/s)

(i) Position of the
Trolley y(m)

(k) Torque of the
Hoister T35 (N - m)

(j) Velocity _ of the
Trolley vy (m/s)

R |

() Length of the
Rope L(m)
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(n) Torque of the
Hoister T5(N - m)

(m) Velocity of the
Rope Length L{mvs)
Fig. 8 Response of the Open-loop Control

3.2 J‘dXIHIOUI—I -+
Aol A2 A1 S 93 BE M Fig. 99}

/Lu} /Hﬂ:r dojoll A 71FELAS /1YL u
Aehs 29-Ze) AFS W 116}7} A3 7|FEQ
Aop Al 4k “ o] F#e] Aol(4] (11)& HA A o7
of o Agste] B0 a9 W ATN(HE
Aldbskadch zeja o] 2o T30 WEF AT(HE
715 BERA T, ol tsle] Al2Ee] Aojgla o
2 AR

4X(t) = X() — X,

N = T, + dT(H (1D

> Steady State

Equation Tref
Xy 4& Fuzzy z‘_(,t)_ Nonlinear | (1
4{ controller Crane Model ,

Fig. 9 Block Diagram of Fuzzy Control

A&H W49 24845 (membership function)=
Fig. 11, Fig. 129 o] A48 ware] sisls
g Agsid 4E0e Pas,

o7]4 NBi= Negative Big, NME Negative
Medium, NS= Negative Small, ZRE Zero, PSE
Positive Small, PM-2 Positive Medium, PB:

Positive Big= 9Ju|gc). 059l Eo 3+ 7/
o] e REERon, 7o ZEY AL
o ZtE e 2 WEe wuaty] 98ty 3 :

1 e

hoz -“?: 3} it
YHARFEL 2 1719 Aoj=H T o)A
o H]-E} AR &k E(forward inference)oll o)3te] &

AWM glog FojAgdduwsss Hx g
(fuzzification) 2} -& €34 HAA oz HEs &
Max-Min €732t d4He o] &3t e F23tq
a -cuts 913 AT (0 )E ANEGTh

321 ZHd&E2te] 232 Hof

P A=) QA3 79 ESAE sa)
Fig. 89 Al &Edo]d AaoAe} go] 2929
AEol A, o] AFL Avle EE &5
o dF& mAA do. olg g &7 =
O 2 HE| Table 29} Z& AojFAESS A&
o Jb AET A A2dE e A mEyg
By oy ANA X, =0, b; ¢,
$;. 1 o, o] A= Avst == st
A7)ef uwel thz,

B wRdAE

B

=

_1
P
T

_IZ;EQ_’.:}-

ol

L

EEZg9 Ade Hosx
V= V,=0.525 m/secl E=23= 7&A e
szOlER AHEE (.105 m/sec ol 9=
o zrldolE 45mol FolA® £xi= Aw 05
m/s®] &2 ojFain 22t A To] mas}

5&Fol 2.5me] Hoj7b €k webr X, . =
[0.01513, 0, 0.7854, 0, 2.5]°]c}.

Fig. 78 ESAEAM = A= &8 X(§)
o NELE X, el 2ol AX (8= 46, 406, 4¢,

A¢ & HAAA7Y dgoz AgaRAR, Ao
Aoz HA Aol 7oA A4 an«l 9] A
FRAFAT(DE 71TE2T T, 9 A T()
& AHgskdohd ().

olFA ozl Ak FHEF AHH A4
ol 7128 7174 7ke] WA A o) 774 & Table
29} o] 2pAdEein).

Table 29X AT\, & AT, © A1) 2,
AT, B AT, & o] A ozRE A= oz},

198



olefd - o] F . FFAHYFTXAA Aoy AT

ATy =N\ AT+ AT, AT, = AT/ AT. (2

Table 2 Fuzzy Rules for Anti-sway Control during
Acceleration & Deceleration

Rule input variables Output varibles
Number | 40| 40| Ay | A | 4T | AT
Rule 1 | NS | NS |_PM
Rule 2 | NS | ZR PS
Rule 3 | NS | PS ZR
Rule 4 | ZR | NM PM
Rule 5 { ZR | NS PS
Rule 6 | ZR | ZR ZR
Rule 7 | ZR | PS NS
Rule 8 | ZR | PM NM
Rule 9 | PS | NS ZR
Rulel0 | PS | ZR | NS
Rulell | PS | PS NM
Rulel2 NS | NS PM
Rule!3 NS | ZR PS
Rulel4 NS | PS ZR
Rulels TZR [ NMm PM
Rulel6 ZR | NS PS
Rulel7 ZR | ZR ZR
Rulel8 ZR | PS NS
Rule19 ZR | PM NM
Rule20 PS | NS ZR
Rule21 PS | ZR NS
Rule22 PS | PS NM

3.2. 2 Ss50l1&57219 Hof

Eolg 7N E AT B
gl O 525m/s=E FA3AEA 292

28 Ause
9] rd

Aok gy, o) TN JEAHE X, = 6
L5, %, v, [elP, Anisk B2 tEET) o
olmz AN 3 8,,= ¢,,=0°

ek 0(H7 6, @< 0ol G gtel]l whep 29

Zof v]gofzl whael ¢(t)% AHAds] 00] HEE

A(HE 007 wtu= Aok FES] Ao]g]

EAS 248 F g by Ade &% Ax,

EZY % gy, 29329 14T 40 2 AF

21‘&5 46 & Q8uFrs A on Aojt3
& Table 33 Zt}”

Table 3 Fuzzv Rules for Velocity Control

Rule | Input variables Output varibles
Number| 40 | 46| dx | dy | 4T\ | 4T,
Rule 1| NS | NS PB PB
Rule 2| PS | PS NB NB
Rule 3| ZR | ZR | ZR ZR ZR
Rule 4 | NS PS PS
Rule 5| PS NS NS
Rule 6 PS NM NM
Rule 7 NS PM PM
Rule 8 PS NM
Rule 9 NS PM
Rulel0 PM NB
Rulel1 NM PB
Rulel2 PS NM
Rulel3 NS PM
Rulel4 PM NB
Rulel5 NM PB
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Table 4 Fuzzy Rules for Position Control

Ni:;lze Input varibles ‘%;tlg?é
v | 46146 dx| ax| Ay| a4y 4T} 4T,

Rule 1| NS | NS PB PB

Rule 2| PS | PS NB | NB

Rule 3 NS PB PB |

Rule 4 PS NB | NB

Rule 5 NS PM

Rule 6 NM PB

Rule 7 PS NM

Rule 8 PM NB

Rule 9 NS PM

Rulel0 NM PB

Rulell PS NM

Rulel2 PM NB

Rulel3 NS PS

Rule14 NM PM

Rulel5 PS NS

Rulel6 PM NM

Rulel7 NS PS

Rulel8 NM PM

Rule19 PS NS

Rule20 PM NM

Rule21| ZR | ZR ZR ZR

Rule22j ZR | ZR ZR ZR

Table 5 Fuzzy Rules for Position Control

Rule Input varibles Output varibles

Number Al Al AT,
Rule 1 PS NS

Rule 2 ZR ZR

Rule 3 NS PS

Rule 4 ZR PS NS

Rule 5 ZR ZR ZR

| Rule 6 ZR NS PS
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(a) Swing Angle of
the Rope @ (rad)

(b) Angular Velocity
0 (rad/s)

(¢) Trajectory x-y
(m/m)

(d) 3D Trajectory of
the Loads

(e) Rotational Angle
of the Rope ¢ (rad)

(g) Velocity. of the
Girder x (m/s)

(i) Position of the
Trolley y(m)

(f) Position of the
Girder x(m)

(h) Torque of the

Girder T (N - m)

(j) Velocity , of the
Trolley y (m/s)

201

(k) Torque of the 0

Length of the
Trolley T5(N - m)

Rope L(m)

(n) Torque of the

(m) Velocity of the )
Hoister T5(N - m)

Rope Length L(nvs)

Fig. 10 Response of the Fuzzy Control
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Fig. 11 Fuzzy Membership Functions
for Input& Output Variables



