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Overview of crane control methods for large-size cargo transportation

CHEN He', WU Qingxiang™, SUN Ning™’, YANG Tong™’, FANG Yongchun®

(1. School of Artificial Intelligence, Hebei University of Technology, Tianjin 300401, China; 2. College of Artificial Intelligence,
Nankai University, Tianjin 300350, China; 3. Key Laboratory of Intelligent Robotics of Tianjin, Nankai University, Tianjin 300350,
China)

Abstract: With the rapid development of modern industry and infrastructure construction, crane systems for large-size
cargo transportation are widely used in container handling, wind turbine installation, aircraft wing and fuselage move-
ment, rotor installation of water turbogenerator, offshore drilling platform construction, and many other important fields
due to their high carrying capacity and low costs. However, compared with the traditional point mass single pendulum
crane system, the crane systems for large-size cargo transportation have a higher degree of underactuation, stronger state
couplings, and more complex nonlinearity, which bring severe challenges to the high-efficiency and safe transportation
control of large-size cargos. In this paper, the modeling, advantages and disadvantages of different hoisting forms of
crane systems for large-size cargo transportation are briefly described. Then, the research status of point mass double
pendulum crane systems, distributed mass double pendulum crane systems, and multi-crane cooperative transportation
systems are introduced in detail. Finally, the research status of crane control systems for large-size cargo transportation
is summarized, and the possible key problems and future research directions are discussed and prospected.

Keywords: crane; large-size cargo; double pendulum; multi-crane collaboration; underactuated system; swing suppres-
sion; dynamics modeling; motion control
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Fig. 1 The main hoisting types for large-size cargo transportation

RIS RAER RTS8 3% I 42 R G s 7
g, KiEFHE T T2 HERSY, g9
I FE I 0 R AT SCHR G R  A B X 1 1) R RS
WBERERENE, BAREEX ., ME
Tl il 3 5 A4 ;=K B 2, R4 Tl #5482
] G R AAL | 46 LA 9 Ty 1) & R 5 T T ) R RS
TYIEZ 15 1) 11 2 2R 50 W B A g b 52 B L 2S5 P 1Y
BIEAES, BA RAFH N TS, fF 4 Tl &
A B & MEER, BRI A AU Sh &Pt Sy it —
HRE . MO, 4 R G0 ) KRS HiE 1% Y
SEERAE A R Y PR KA 32 6 Bl 1 S 41 2
EEREBA PR AT B L BN T RE, AR KA &5 T 1
BB TAERCER, WA 7 TN BIAE L A (a], 32 1 F
T A= il A . ilan, 7E i AN I &
BB U L L U ol 1l WS 2y 8P S SRR Y 8
HR IR AT R TE 4 3 2K, o A AR R S
DAl 3 FSF TR 47 95 30% o

SRMT, AR T 5T i B 1D 42 R, ik
(B2 I IR A i 28 S OB I &2 2 i 2 YR 5
ol A1 538 S BE, B I SR SRR L R R RS

F S A I A2 2R A AR AR FF PR (1S i 4 R SRR
I FE ST PR R o AR, S SE B 1) KRS 6T
Wiz ik i A R GER R Ak A, MR
SR TR AR A 1 A ) A

1) KK L SRR R . R4
i8R I, B AR B 22 4885 ' RS
183l 3 22 A o LG A3 B e 1 BN A2 A 1) A %
2 I, B4 RGR UK A R,
[F] B it 3K ) 5 2 -5 K IR B 08 o B i ) AR 2SR
B, 8 W R G I IE BB R B R IR
PRAL

D) BRI SNFIM AT EE . SR
s 5 AR B8 TARARCR, SEBR I Hh il R 5 Wiz
i 5 TR R AT B4R AR O 5 S 8m AR (A
i 48 A A A ) eIl 52 A% 3l o IR, i 4R TAR
W 5 Z AN (X il 45 ) PR
BEAh, 2 GE AR I A rh 22 05 4 i B SRR 25 0
DR 2T AN RE P DR ZORE HE — 25 58 s ] P XL

3)Z i A DRz R B S P . AR TR
ARG, 2 M 4Pl iz 6 R G R B A I 5k



.« 826+ O R & ¥ #t F1748
MLEg NF5 s, Bl E M AR —G 2 3 BB NPEAT IR0 B IR
ML, W) I 5 HE T 09 P A R 9 22 48 n] L 1.1 AREVERERSEHNFEE

AR N . I, Zm ARk E
2% IIB Bl 2 Bl ) 2 ik, S SO ER I R 5
Y, o R R i DR 22 7 A Db ) a2 ) ALY B 2L
HERETTP AN, £ i 4 P RS R 0 T A Rk
RS | 4 ) P ) AR R

RS T 1) R RS B8 W3z 3% 1 42 R GE R
SRR BEAT 1) 2R, BT, MR R
BT 2 07 A AN [R] LA B B 2R e Y ) AN T
B8 UL RS B2 W32 126 3 AR 0 R ASE R 0] Dy s
JHR XU 7 42 ARG L o0 A U OUE i 2 R GL L
LZm A RIaERGE, N 2 . 3Tk, &
FESR 1,23 45, XF3X 3 Fis A (4 BF 5% BRAR A7
1] 2 B3, FFAESR 4 19 XTS5 BUARFEAT ) 22 B 45,
TR B i ) KR Se Wiz ik i 4 R Gl Y
2 [A) REURIR KA FE T 1) o

KRS RE T
MBS TRy
S T XUBAA
RSN N
SR —
AR L ER%
————————————————————————— R | B
B2 kR EMiEE S %

Fig. 2 Classification of large-size cargo transportation
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Fig.3 Model of the point mass double pendulum crane
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Fig.4 Model of the double pendulum crane system with
vertical hoisting distributed mass cargo
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Fig.5 Model of the double pendulum crane system with
horizontal hoisting distributed mass cargo
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Fig. 6 Model of the cooperative transportation system of
double bridge crane for large-size cargo
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Fig.7 Model of the cooperative transportation system of
double rotary crane for large-size cargo
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