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An anti-swing control for 2 axis overhead cranes
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Abstracts: This paper proposes an anti-swing control law for a 2 degrees of freedom overhead crane. The
dynamic model of a 2 degrees of freedom crane is highly nonlinear and coupled. The model is linearized and
decoupled for each degree of freedom of the crane for small motions of the load about the vertical. Then a
decoupled anti-swing control law is designed for each degree of freedom of the crane based on the linearized
model. The control law consists of a position control loop and an swing angle control loop. The position loop
is designed based on the loop shaping method and the swing angle loop is designed via the root locus
method. Finally, the proposed anti-swing control law is implemented and evaluated on a 2 degrees of freedom
prototype crane.

Keywords: 2 degrees of freedom, overhead crane, anti-swing control, root locus, loop shaping

1. A& a9 19 X, v.ze HABEACND, Xy Vi ZrE EET 0
2ol Hastn Egest Pl o5 A Ve A
AAAN ZAE AU MES o]4F @ 2zcle) mem T SEAIACIG ESI AaHEAY dPoz olFay
o2 AgsHm otk a, A FUY W Py @ SEARIAG FUAIAES AW
Eg2e 712508 <ste] Fo HLY ojFEol AFS &) Z
Hop o9 e o8 UFL VYESE Wolma B oh
2 olsEel HE P FHAme Yol HYE Bk mepa,

ol e “ﬂ]@e spAstr] Aste] e Q77 QA Hoigg
Ay olFE YA FF IdFE I NFEA Y
(119 HZFZA2-578]12 UEs UY. dde EEHAEE
Z38A ¥, EEe R olFE E5¥ F549L 712234
olgEol TSUE WAAIIA Pk ol$ATE AgeE 7 Y
olty. v}, o] WL ZVIEEYY FEEII VL B X
kA FateE o] Folok e olFEe] EEYUZLE, EE
2o &x, HXFE FHstd AU Atg3ich maks, Al
oj2g ™3 4 ﬂ]ﬁ}?‘; olFEe EEYE TAAE et
et elFEe] AAE FLsA Ao = Atk 22y, 4
Aol e 2% 2ol 4°i AHEHAT ol EEY
Aole) B AFE BF o589 1ARE £5Y 3 1% =29 (Xm , Yoo Zin)
el Ty Ao st A
B AFoME 2% 28R SAY vy Arzelel 23 ¥ 8
AE Aolane MAse BE FZHold HEdw AojdTo O 1L 3 #HEA D o)FE EEEz Ao
Azshch ool A 9% T ole) Rdao) tiated wala, 374 Fig. 1. Definition of swing angles in rectangular Cartesian
A 2% AR AR AS AAS, 44l FAF Aotz Coordinates
& 2% 2y ZHAel HEee Aojdes AETE, 5A
nee weg 24 19 2% Ze) 2ddlM Feo] HHa} Rate] duA
& FAIED FHel7t Y sk spyEtd o e 8
A& 2L 4 Anol
2. 22 f = EEYY olFE 554 (M, +m)x+ D.x+ mlcos @,.cos 6,06,
— misin 0,sin 8,0, — misin 0,cos 6, 0}.3 (n
21 EFE2|9} ojFE o LF WYY —2mlcos 0,sin 0,0 .0, — mlsin 0 cos 0, (j),ZZf(

1428



lcos 0,6+ cos 8, x+ gsin 6, —2/sind,6,.6,=0 el

(M +m)y+D,y+ micos 0,0,
— misin g, 6’;" = f,

10,4+ cos §,y+ gcos f,sin B,

+ lcos 6,sin 6, 6, — sinf,sinf,x=0 W
A71M, A xoye Y FF xF ¥ yF HRS
Zvzt 9uldick 3E EEZd(uollev)d B me R3Hload) 9]
A%, De WAt EARelR, x v 6, [ fE A% B89

7_]
xF A, yF HA, E£5Y 4=, Fdol 2 EEF0] Aes

S A<, & dole sing=4,
cos =12 ZAE & = dow, £ 4«1, & E58 I
=7 FAda g F
bEd 2 F2 Y F
3 67F A3 Me>m

¥ 5 Ankm bYER, B2 2ERA A b%% =AY
{ = o A

F otk & FELA (D, (2), (3), (D g o] A}
o}

(M +m)x+D,x=f, (3)

10+ x+ g6,=0 (6

(M, +m)y+ D,y=/, (N

6.+ v+ g8,=0 (8)

EEg4e] Ao A e HUAAIY yEe $EF

H]—zé]/\ [e] ‘g:%

e M2 mYsel e clde 58y A9 w8

AL xE5T yHoM Mz EPAHoz AT = e

2 vE& £ 9y

ghoh b, B =g xu gy EEWEA G), 5L ol

Bt AHojrlE AAST. yUEe Aoy 2o wyoz A
A grgiot

A £ Aok 2o g, ot x, v FHAE
3 , (6)8 Laplace WH@sle HAdateg feaid

Ws) _ 1
F(s) Ms+D

O(s)
(o) =Gs) =

2714, si= Laplace ¥4 W42 EA8tT, X(s), W(s), F(s),
)= 4z x, v, f, 69 Laplace ©32 U9, p= xo}
o},

(9)

1o

2.2 £ AHPA S v
B dFolA EZe)s Vector Drive AC AMERE o 2]3td
FEETh Vector Drivedl M R/A0] 5544 28 2544
T} Sl ol wlE g A 4 Ao F

F(s)= K, I(s)= K,U(s) (11)
ol 7iM, K, K,& 71ovl7t T8d wlalidrol 1,
Ks)& Z7t Vector Drived] #Falo]l 9l& 3 Rele] a2
Aolct weld, EEe] AWds e b deg vy &
22Tk

L

IS

!

W K |
Uls) — Gals) = Ms+ D (@35

=p T %LSH‘- (12)el

U(s)=K{s)
AolAls FA sk, obafel (1h)n e

(VAs)—WsHE Alu
Egelel 08 S5

uASYE FY 5 Aok

VS! . _ GM(S)Ki(S) .
V(s =G = TG, (0K 13

A7 V()E SEWHS UERIDT K (e 5 AuAzy
o) Aoj71& UhebiD PHulal-Z ) Aolrh £3) Ag BT

® ATME ACHR RE S Agete] 03 23 =g
Azsiglon 48 Fad 222 55 ARA2Y Gl
WHE ATsep)$HS FoAT o] AUANE vos =
oA e HE ARALYS okt ()2 ZWY }ch

00567 - 434

Gl =" spet 184 (1

3. Ael7] AA

2 =AM meiss WAl Aojadel B5dEE 19 2
B AL (10), YA HrAAA, £5dz

anti-swing position servo Toad
controller control system dynamics
stkys+ ko) Uale) Xl | 7
er(s) " Y . Gils) 3 a(s)
+ ot X s?+ g
Ks) Gils)

2y 2 @A AojAlay BE
Fig. 2. Block diagram of the overall control system

o] 7]

27
g wygoz ¥

15 ZAste ol

3.1 EEY 93] AJ¥ Ao]7] HA

a8 24 EEE SH
o ¥ 3% ok

Aol G (s)ehg oAl el ofey

position velocitys
controller Servo system
k 8+k k, !
oo £
X(s) Y T S les e
Kys) Gys)
ag 3 EEY 9 MEAA

Fig. 3. Position servo control system for trolley

2 Ao EE8 oA Ao K (s)= FEHAE6ES
AH8-8ked ANFEE WS Gols) = K () G(s) /52
REXMeE 0y 4qolM r&c% T}

A Ful Aol gl pgad o S XA A FEaba

=
el A g %“303‘1 AMztgel e el

A A g}

©
f

G.(s) ol5H e 2 & Hysnh £, G99 tleE
W oRdY g melstel Husouw TusE Asdrt ol
wn';é;,r dwgsis s gk 4 oalc

1429



QGain dB

N

0 Do Loy

10” 10° 10" 10 10' i
Frequancy {radisec)

29 4 AR AuANA HFE ALY RENS
Fig. 4 Magnitute plot of the open loop transfer function of
position servo control system

_ 1 _ 27.4428 - 12(5+0.05) -
Cal) =KD )¢ == sps v asn)
kA Aoz K ()& b 2ol 78 5+ Uth
K(s)= s (‘G(OQSS) k”(5+3k il Bpp) (16)
A7 k=129 k,=0.6010 223 X MEA Gls)E
o5 g2
G‘(S):T%izs—) 7
3.2 B EEHZ Aoj7] HA

B Apo B3t EEEZ A7 K (9
f3te] A

MNEZ AEHF G oul(s)=K()GAIGANNA GA)Gls)2] =
Hpole)® FH(zero)d) #9 AXE THIA K (9)9 0 B

koplkoua®l BBE, —kulkyol FHE wA stATh 714

kilkg=20.02% 2A3Hct EEEZ A7l K (9A 9

=Y HdEE o

2 Ae)7] (16)) k,(s+kplky)/sE FHHNESE TS, &
EYZL Aojol 23 &= AME]E V, & PDA HEE 5
o, Z2o] [=1.0mel HafH A (0<ky (o0)g& 28WH o}

el 28 5% 2o

mag Axis
(=]
T
i

s}k ‘ i
TS I e e e ]
-1s : i \ » 1
20 i i i i

-25 =20 -15 -10 -5 ) 5

Real Axis

aY 5 EEPH Ao ZAPLE
Fig.

o

Root locus of angle control svstem

WEZHo] 079 BHE RER BNz by [=1.0mY W

31, [=1.5m¥ wj 39¢]c},
2@ 3ol A MuA=
& 7122 597 ulom»é-

oA 2sl e FH kot

A3 A S Aojaio]x, o
QraslA MAStgonz A A

4. A¥AH

B QFojde 5x3.5%2.5»° 2% ¥ a3y ag Axad
on 1 PHEE oldfe 2d 63 o}

Main Controller

Ethernet
VME Bus
—» System
MC68040
i : velocity
Unix System . References
Y-Position [Angle AC Servo X-Position
Motors
Drivers
2-D Angle
sensor
Y-Rail

—~—
X-Motor Y-Motor

Y-Position Sensor
X-Rail

X-Position Sensor
Load

29 6 2% 2 TAF Aol 4Y FA=
Fig. 6. Configuration of experiments

Fo(x®), BW(yE) D AR
gk REje) RS g
7l WEe) SNEH a7} AT
o gee) 9AT BEA 23
A0E olgstad A% 43 ST
Bz 2927 28 el A RAR
7o) Aok

v
angle <
sensor 1 I

angle
Bgﬁ};}? sel%sor 2

no- shp
belt

ahe

2]

AR REZ Ao
% vl 7} U]Jlaill
o] FAHE aﬁés A8k

& = o
a3

~oft ‘m
w0 l
J{X' a

044

rﬂ’. o rlr
3; o)
o
):L
% Ho
f
ol

_E?_
w
= AA

/

| —cable

a9 7 2R E EEYd SAAAY AdE
Fig. 7. Schematic diagram of a 2 degrees of freedom angle

SeNsor

ord 7oA no-slip ¥leh wiE 3wzt M2 FAAE 2

1430



FHEE WolFch Yo e WL 9l

® EEYY FHTAY o)
d# 2 avh vgEdcks Ae ehla, o ¥e e ¢
daszh sy & Fetel AW Thsdlthe RS edugn
M AME LAy P no-slip ¥ajE U8 34
el 3y tel Facloh

MCOS0MO CPU, D DA % o =igh 9lgy R=g 2as
VME busAla¥fez Ao

: FAsEe o,

7 Ob’gif A A} 7H
WY TAEE

Unix AM2afogzM ofnde
1t AEs Ao

Hojo]l B2 QoA 1E NG AEEG
MBAI 2R Acristep) 9 A8 FAYE
28 stk
_ﬁgﬂLﬁL_

0OSE Ap&shict EE
Ethemmet-2 %3k VME bus4l s

xFake] Aol uig
o oyZol i &%
utgro g2 ol o] (18)%

G = T 5o 607 (18
el Bl oI5 w=20, k=100, 2587 A
ool 52 ke /=1.0m¥ uw 31, /=1.5m%Y ui 3901

kol hog= 102 HABAG
x9h yurge] Aojzyoz ol
10(msec) ¥ &Y F7]12 VME bus CP[ HZolM 28 gich

1.6 T
14 ]
tar b
E 1t

508 r actual : x ——A
=06 r desired :x - -
80.4 | actual :y —— J
Q.0.2 L desired :y - ]
0 ¢ .

_02 1 I 1 1 I i 1 1 L
0 2 4 6 8101214161820

time(sec)
(a) Trolley positions (meters)

2 T T T T T T T T
1 i

? 0 H X ——
2 -1 : B E
22 y ]
o -3 ~
o -4 i
2 -5 il
T .6 B
7 F ]

-8 1 L 1 1 1 Ll 1 1
0 2 4 6 8101214161820

time(sec)

(b} Load swing angles (degrees)
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Fig. 8. Experimental result (trolley displacemnet: x=1.5m,
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