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AbstrAct

This paper proposes a three degrees of freedom parallel anti-swing method by the main and auxiliary cables to address 
the problems related to underactuated double-pendulum anti-swing for a ship-mounted jib crane. By analysing 
the dynamic coupling relationship between the swing of the hook and the payload, it seeks to establish an accurate 
dynamic model of the anti-swing device under the ship’s rolling and pitching conditions, and discusses the influence 
of ship excitation, the crane state, load posture and anti-swing parameters on the in-plane and out-of-plane swing 
angles. The analysis shows that the primary pendulum reduces the in-plane angle by 90% and the out-of-plane angle by 
80%, the in-plane angle of the secondary pendulum is reduced by 90%, and the out-of-plane angle is reduced by 80%. 
The reliability of the simulation data is verified through experiments.
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introDuction

Cranes play a crucial function in engineering construction. 
The most prevalent types of cranes are bridge cranes, 
gantry cranes, slewing jib cranes, and tower cranes [1]. 
Due to the structural properties of the slewing jib crane, it 
is extensively employed in offshore engineering activities 
for the transportation of personnel and supplies between 
offshore platforms and ships, pipeline laying, wind turbine 
installation, etc. The six degrees of freedom (i.e., roll, pitch, 
yaw, sway, surge, and heave) are triggered by external forces 
such as waves, swells, and wind in the water, which impact 
the ship [2]. The excitation is conveyed to the payload via the 
hull, the crane body, and the boom. The coupling effect of the 

ship’s excitation and the payload’s inertia causes the payload 
to oscillate significantly [3].

In engineering, reducing the swing of the payload is 
accomplished mostly by manual manipulation of the crane 
and the servo motor of the hoisting winch. The amount 
of knowledge and experience of the crane operators has 
a significant impact on the positioning performance and 
suppression of the crane’s swing. For first-order and second-
order ship excitation, maritime cranes can employ intelligent 
control methods [4-9] to decrease the swing. To modify the 
swing of the payload, the servo drive controller transmits 
the speed command and position feedback information of the 
auxiliary cables [4]. The PID controller is able to effectively 
move the trolley of the crane in a short amount of time while 
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compensating for fluctuations in the payload mass and cable 
length under various situations [5]. A parallel distributed 
fuzzy LQR controller is created by constructing a linear 
quadratic regulation sub-controller based on each linear 
subsystem. The simulation results indicate the contribution 
of the LQR controller to the bridge crane’s stability [6]. The 
control strategy proposed by Ngo combines a fuzzy sliding 
mode control approach with a Kalman filter-based MH 
roll angle prediction algorithm. In addition to simulation 
and experimentation, the efficacy of the proposed offshore 
container crane control system is validated [7]. Qian et al. 
constructed a novel approach for adaptive robust coupling 
control that simultaneously suppresses load oscillation 
and cancels out disturbances. It is rigorously proved that 
the suggested strategy can guarantee the stability of the 
entire crane system at the equilibrium point. To construct 
a dynamic model of a crane system, Kim et al. suggested 
a robust anti-sway control based on neural networks; the 
asymptotic stability of the sliding manifold is demonstrated 
by Lyapunov analysis, and simulation results show the efficacy 
and resilience of the proposed control method. Although 
these techniques may forecast and control the payload swing 
during ship excitation, they cannot remove it entirely and are 
not generally employed in engineering.

Simultaneously, the mechanical analysis of the maritime 
crane system and the precision of dynamic models are 
essential to the investigation of the anti-swing problem 
[10]. In order to assist the study of this problem through 
dynamic simulation analysis, much of the research treats the 
hook and payload as a single system. Aksjonov et al. derived 
a mathematical model of a three-dimensional crane by using 
the Euler‒Lagrange technique; a 5 degrees of freedom (5DOF) 
control technique was devised, examined and compared 
with various load masses. On the basis of dynamic analysis, 
Sun et al. construct nonlinear dynamic equations for OCC 
systems exposed to ship motion, then a two-layer sliding 
manifold is constructed to concurrently provide position 
tracking and sway control independent of ship motion and 
parameter disturbances. Huang et al. proposed a combined 
command shaping and feedback control system. The input 
shaper removes oscillations in the payload produced by 
human operator commands, while the feedback controller 
mitigates the impacts of wind. Miranda-Colorado presented 
a novel model-free robust control scheme for the attenuation 
of payload swing angles in two-dimensional crane systems 
with varying rope lengths. Jensen created the 2-DOF anti-
sway controller by deriving the suspension load dynamics 
and the pertinent kinematics of the crane; an anti-sway 
controller is added to the electro-hydraulic motion controller 
via feedforward. The payload mimics a nonlinear pendulum 
system in this manner. In actuality, a double-pendulum effect 
will occur when the mass of the payload and the hook are 
somewhat similar and there is a particular distance between 
the payload and hook. The nonlinear dynamic model of the 
double-pendulum crane is more sophisticated than that of 
the single-pendulum type, as are the degree of nonlinearity 
and underactuation of the system, the connection between 

the double-pendulum cranes, and the study on the anti-swing 
strategy. For instance, in the ship-mounted batch transfer 
hanging basket, the basket and the hook are connected by 
a long steel cable, and the swinging motion of the hanging 
basket and hook will generate a dynamic coupling connection. 
Once there is an evident swing during the transfer of the 
hanging basket, the operator can either wait for the swing 
to cease automatically or actively push and pull the hanging 
basket to prevent it from swinging. The operating efficiency 
is low, as is the degree of automation, which might lead to 
accidents and deaths of deck building workers in adverse 
sea conditions. 

The majority of the study on double-pendulum cranes 
has been on non-excited bridge cranes; current research on 
anti-swing jib crane technologies is sparse. For instance, 
Shi et al. suggested a nonlinear coupled tracking anti-swing 
controller for gantry cranes and validated the performance 
of the controller by theoretical derivation, modelling, and 
testing. Qiang et al. developed a nonlinear dynamic model 
of a double-pendulum crane and a controller based on the 
radial basis function (RBF) neural network compensated 
adaptive approach. The compensator’s ability to enhance 
the controller’s control performance is confirmed. Ren et al. 
suggested a generic model-free anti-swing strategy that does 
not need consideration of the space state equation and can 
eliminate payload swing independent of the system design.

 Although researchers have studied the plane swing of 
the double-pendulum bridge crane and other scholars have 
studied the in-plane and out-of-plane swing of the single-
pendulum marine crane under wave excitation [19], there 
is a dearth of research on the in-plane and out-of-plane 
anti-swing of the double-pendulum jib cranes under ship 
excitation. Wang et al. proposed a three-cord traction 
mechanical anti-swing device and developed its geometric and 
dynamic models; they presented how to suppress the swing of 
a single pendulum and a tension-setting method based on the 
damping principle. Therefore, the primary objective of this 
article is to develop a precise dynamic model of the in-plane 
and out-of-plane oscillation of the double pendulum under 
the coupled circumstances of wave excitation and payload 
inertia. The second aim of this paper is to suggest a parallel 
main and auxiliary cable that provides a 2DOF anti-swing 
control mechanism for traction. The primary and auxiliary 
traction cables are used to create traction on the payload to 
prevent the double pendulum from oscillating.

Regarding the arrangement of this work, the structural 
concept of a 2DOF parallel anti-swing device with main 
and auxiliary cables is first introduced. Second, a model is 
developed to describe the payload dynamics of the double-
pendulum jib crane under the influence of the ship’s rolling 
and pitching and the operation of the anti-swing mechanism. 
Matlab/Simulink is used to simulate the dynamics of this 
model in order to ease the examination of the influence of 
the anti-swing device under various operating situations, 
including crane settings. Finally, an experimental validation 
is conducted to provide credibility to the results stated in this 
study methodology.
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structure of anti-swing Device 
anD control system principle

In this proposed method, the ship-mounted 2DOF parallel 
anti-swing device is composed of a hydraulic pump station, 
a mechanical winch, and a crane control system. Additionally, 
to maximize the functional features of the crane, a small 
working space, reasonable structure, high safety and good 
cooperation is needed. As shown in Fig. 1, a marine crane anti-
swing device consists of a crane, a folding arm, and auxiliary 
cables. Additionally, there are three auxiliary cables, which 
are controlled by three hydraulic motors respectively. Two 
of these auxiliary cables are connected to the hook from the 
top pulley of the folding arm, and the other one to the hook 
through the pulley of the boom. When the auxiliary cables 
are all tensioned, the triangular connection point hinders 
the movement of the hook and indirectly controls the swing 
of the payload. The purpose of this setup is to achieve the 
desired anti-swing effect.

1-Crane body, 2-Pulley set, 3-Folding arm, 4-Crane boom, 5,6,8-Auxiliary 
cables, 7-Main cable, 9-Crane base, 10-Payload, 11-Hook, 12-6DOF platform

Fig. 1. Double-pendulum anti-swing device for ship-mounted crane

Dynamics moDel anD simulation 
analysis of anti-swing system

While the crane’s main cables are being retracted and 
released, the three auxiliary cables also move. The efficient 
functioning of the crane is ensured by the tight coordination 
between these cables. To avoid the auxiliary cable sagging and 
shaking, the force and velocity of the auxiliary cable must 
fulfil the payload system’s static equilibrium parameters. 
Otherwise, it may not only hinder the payload’s swing but 
also enhance it. In light of this issue, it is required to develop 
a precise dynamic model of the ship’s anti-swing device.

In order to assist the research of the anti-swing issue, the 
following assumptions were made:

(1) Since the auxiliary cables and main cable are composed 
of a non-retractable, flexible material, the weight of the 
cable is insignificant. 

(2) The anti-swing does not account for the rotation of the 
crane, so only the in-plane and out-of-plane angles of 
the load induced by the rotation of the crane boom are 
considered. 

(3) Because the raising and lowering of the boom has no effect 
on the anti-swing device, the angle of the boom variation 
is fixed at a constant value. 

(4) The wave excitation transmission to the payload and the 
impact of the elastic deformation of the ship, crane body, 
and boom on the excitation transmission are not taken 
into account. 

(5) The hook and the payload are considered to be two 
spherical objects with identical density and regular forms.

geometric moDel of anti-swing Device

D
E
F

B
C

H

I

J

qy

α

β

z2

x2

O2

z0,1

x0,1

O0,1

M

θ1

K
θ2

Ψ1

Ψ2

qx

A

L1

L2

y0,1

y2

M

θ1

K
θ2

Ψ1

Ψ2

A

L1

L2

Fig. 2. Schematic diagram of double-pendulum anti-swing device for ship-
mounted crane

Fig. 2 shows the schematic diagram of the double-
pendulum anti-swing device for a ship-mounted crane. 
A is the suspension point, the weight of the hook M is 1m , 
the weight of the payload K is 2m , the length of the connecting 
rope in the middle is 2L , and the length of the main cable MA 
is 1L . MC, MJ, and MQ are three auxiliary cables. The boom 
luffing angle α , the out angle of the auxiliary cable β , the 
maximum roll angle of the ship xϕ , and the maximum pitch 
angle of the ship yϕ , are also given in the figure. Given the 
initial in-plane and out-of-plane angles, and that the hook and 
payload swing angles in the 1 1 1o x z−  are 1θ  and 2θ  , and in 
the 1 1 1o x y−  are 1ψ  and 2ψ  respectively, the following is 
true in the inertial coordinate system:
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Consequently, the lengths of the auxiliary cables MJ and 
MC are as follows:
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Kinematic moDel of the anti-swing Device

This paper explores the effect of ship roll and pitch excitation 
on the payload. Defining as ,x yR R  the hull’s rotation matrix 
about the x, y axes, their rotation matrices are [21]:
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Assume that m
n R is the rotation matrix from ( ), ,n n nx y z  

to ( ), ,m m mx y z . The transformation matrix of the payload 
with respect to the dynamic coordinate system is as follows:
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( ), ,x y zL L L  is the position coordinate of the crane base 
relative to the coordinate system O0-x0y0z0.

Dynamic moDel of the hooK
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Fig. 3. Stress analysis diagram of hook

Fig. 3 depicts the force on the hook. 1F , 3F , 4F  is the 
pulling force of the three auxiliary cables on the hook, 2F  is 
the tension of the main cable on the hook, KF  is the pulling 
force of the payload on the hook, MG  is the hook weight, and 
the components of the tension of the three auxiliary cables 
in the x, y, and z axes are defined as follows: 
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According to Newton’s second law, the equation of motion 
for the hook along the coordinate axes x, y, and z is derived 
as follows:
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where 2x , 2y , 2z  are the acceleration of the hook in the x, 
y, z directions,
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From Equation (1), the following equations are given as 
follows:
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where 1x , 1y , 1z  can be obtained from Equation (10).

Postulating that 1 3 4x x x xf F F F= − − ,
1 3 4y y y yf F F F= − + − , 1 3 4z z z zf F F F= − − and applying 

it to (12), the result is represented as:
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By eliminating 2F  from Equation (14), the results can 
be given as follows:
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Applying Equations (11) and (13) into (15) yields:
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Fig. 4. Stress analysis diagram of payload

The payload K is exposed to the combined effects of 
gravity KG  and tension KF  to generate a pendulum motion. 
According to Newton’s second law, the equation of motion 
in the x, y, and z directions is derived as follows:
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With Equation (5), the accelerations of the payload can 
be obtained as follows:
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Substituting (19) into (18) and eliminating KF  leads to:
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auxiliary cable tension control

The main cable must maintain a steady tension while 
raising the payload. If the cable becomes slack, retightening 
it will result in a sling vibration or possibly cause it to break. 
In addition, once the main cable is released, the auxiliary 
cables will bear the weight of the payload. Such circumstance 
will dramatically stress the auxiliary cables and overload 
the traction motor, causing the whole system to fall out of 
balance. Consequently, the tension set of the auxiliary cables 
must satisfy the following:

1 3 3 4 1

1 4 4 3 1

1 1

1 1 1 1

0
0
0 0

0

l M

l M

M

if F F F K G
if F F F K G
if F
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ψ ψ
ψ ψ
θ

θ θ

= =
 = =
 =
 =
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 

≥

＜
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＜

 (22)

where K is the tension coefficient and iF  (i=1,2,3) is the 
auxiliary cable tension set.

Air resistance and rope friction are responsible for the 
swing of the payload. The direction of the combined force 
will always be perpendicular to the direction of motion, which 
eventually causes the swinging of the payload to cease. Despite 
being a typical phenomenon, it is impossible to forecast when 
this process will occur. Given the above premise, a technique 
for controlling the tension of the auxiliary cables is provided 
to ensure that each auxiliary cable is capable of preventing the 
payload from swinging. The tension setting for the auxiliary 
cable must comply with the following relationship: 

1 1 1 1 1

3 3 3 3 3

4 4 4 4 4

F F F
F F F
F F F

δ δ
δ δ
δ δ

− +
 − +
 − +

≤≤

≤≤

≤≤

 (23)

where iδ  (i=1,2,3) is the threshold value for auxiliary cable 
tension.

Dynamic simulation analysis

To verify the dynamic characteristics of the model, 
combined with the laboratory crane model shown in Fig. 2, 
the system parameters are set as follows: 

11 25 , 10 , 1.7 , 0.25 , 1.7 , 0.75 , 0.32 ,OC HI HM IJ O Hm kg m kg L m L m L m L m L m= = = = = = =

11 25 , 10 , 1.7 , 0.25 , 1.7 , 0.75 , 0.32 ,OC HI HM IJ O Hm kg m kg L m L m L m L m L m= = = = = = =

2
1.2 , 1.5 , 10 , =45 0.8O A AML m L m Kα β= = = ° ° =，

. 

The simulation analysis for the in-plane and out-plane angles 
of the double pendulum may be done based on Equations 
(18), (19) and (22).

simulation analysis of Double-penDulum 
Dynamic without ship excitation

In the absence of ship excitation, the emphasis of the study 
was on the effect of the double-pendulum swing law and 
double-pendulum spacing. On the impact of the anti-swing, 
the length of the main cable and damping coefficient were 
also taken into account.

The swing law of double pendulum without anti-swing 
device

Let the weight of the double pendulum be m1=5kg, 
m2=10kg, respectively; the in-plane swing angle of the first-
level pendulum is θ1=20º, and the in-plane swing angle of the 
second-level pendulum is θ2=20º. Fig. 5 illustrates the swing 
of the double pendulum. Fig. (a) depicts the oscillogram of 
the primary-pendulum swing while the double pendulum 
is shown swinging periodically. Curve A is the swing of the 
primary pendulum without interference, and curve B is the 
swing of the primary pendulum with secondary-pendulum 
interference; the initial angle of the hook is 10°, whereas the 
maximum swing angle is close to 14°. The angle of the swing 
increases while the primary-pendulum swing is affected by 
the secondary pendulum. In Fig. (b), curve C is the swing 
of the secondary pendulum without interference, and curve 
D is the swing of the secondary pendulum with primary-
pendulum interference. The oscillogram of the secondary-
pendulum swing reveals that the angle of the payload begins 
at 20°, while the maximum value of the swing cycle is close 
to 15°. It can also be seen that as the angle of the secondary 
pendulum is being affected by the primary pendulum the 
swing angle decreases. 
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Fig. 5. Double-pendulum swing oscillogram

effects of the main cable length on the double pendulum
The length of the main cable is modelled as 1 m, 3 m, 5 m, 

7 m and 9 m respectively to examine how the length of the 
cable affects the double-pendulum swing. Fig. 6 (a) illustrates 
the swing principle on the primary-pendulum swing with the 
different cable lengths. Fig. 6 (b) shows a regular sinusoidal 
motion of the swing principle of the secondary-pendulum 
payload. Additionally, the comparison demonstrates that 
the longer the main cable, the greater the swing period of 
the double pendulum and the smaller the swing frequency. 
With the increased length of the main cable, the maximum 
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value of the secondary pendulum’s period approaches the 
original angle. The same effect, however, cannot be observed 
in the primary pendulum.
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Fig. 6. Double-pendulum swing in-plane oscillogram

influence of control cable force on in-plane swing
The coefficient lK  of the anti-swing device is modelled 

using the values 0.05, 0.1, and 0.15, which are given in Equation 
(22). Fig. 7 illustrates the impact of the control cable force on 
the in-plane swing. Fig. 7 (a) shows the in-plane angles of the 
primary pendulum, whereas Fig. 7 (b) depicts the in-plane 
angles of the secondary pendulum. The stabilization time of 
the double pendulum under distinct coefficients is 25 s, 35 s, 
and 65 s accordingly. The diagrams reveal that the stability 
time of the payload system reduced as the force increased, 
whereas the stabilization time of the double pendulum 
remained constant.
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Fig. 7. In-plane angle of double pendulum under different weights

simulation analysis of Double-penDulum 
Dynamics unDer ship excitation

effects of ship’s rolling and pitching on double pendulum
The initial in-plane and out-of-plane swing angles of the 

double pendulum are both 10°, the main cable is 1L , the 
double-pendulum swing characteristic frequency is nω  
and calculated by Equation (24), while the ship’s rolling and 
pitching excitation frequencies are 0.6 nω , 0.8 nω , nω , 1.2 nω  respectively. Fig. 8 shows the double-pendulum swing. 
Resonance occurred if the excitation frequency of the ship 
was proportional to the frequency of the anti-swing system. 
Consequently, the double pendulum swung vigorously until 
its swing amplitude surpassed the maximum amount of 30°. 

In contrast, when the simulation frequency is not proportional 
to the ship's rolling frequency, the swing amplitude of the 
payload tends to increase and then subsequently decrease.

The characteristic frequency of the anti-swing device is:

1 / 2 /n l gω π=  (24)
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effects of ship excitation on the anti-swing device
Table 1 displays the ship motion parameters under different 

sea states as the ship is subjected to the coupled effect of 
rolling and pitching.
Tab. 1. Ship motion parameters under different sea states

International 
sea scale

Rolling 
amplitude 

(deg)

Pitching 
amplitude 

(deg)

Rolling 
period 

(s)

Pitching 
period 

(s)

4 sea state 5 1 14.8 6

5 sea state 9 2 14.8 6

6 sea state 13 3 14.8 6

The traction coefficient of the auxiliary cables is assumed to 
be 0.05, and the initial in-plane and out-of-plane swing angles 
are both 10°. The suppressing impact of the double-pendulum 
anti-swing device under distinct sea conditions is shown in 
Fig. 9. Under the influence of the double-pendulum anti-swing 
device, the in-plane and out-of-plane angles of the double 
pendulum are rapidly and considerably attenuated. Fig. (a) 
represents the in-plane angle swing curve of the primary 
pendulums, in which it can be observed that the angle is 
reduced from 10° to around 1°, or by 90%. Fig. (b) depicts the 
out-of-plane angle swing curve, where the angle is reduced by 
80% from 10° to around 2°. Fig. (c) demonstrates the in-plane 
angle swing curve of the secondary pendulums, in which 
the angle is reduced by 90% from 10° to about 1°. The angle 
depicted on the out-of-plane angle swing curve in Fig. (d) is 
decreased by 80%, from 10° to around 2°. From the swing 
curves of the in-plane and out-of-plane angles of the double 
pendulum, it can be determined that the double-pendulum 
anti-swing technique presented in this paper has a greater 
effect on the in-plane swing than the out-of-plane swing for 
the double pendulum, and that the worse the sea conditions 
are, the less effective the swing suppression effect.
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Fig. 9. Double-pendulum swing oscillogram

test comparison anD verification

To validate the dynamic model and simulation, an anti-
swing test platform based on the double-pendulum anti-swing 
device for ship-mounted jib cranes, as illustrated in Fig. 10, 
is constructed. The platform testing data parameters were 

1 20m kg= and 2 20m kg= . The length of the main cable 
is 1 m, while the length of the connecting cable between the 
two pendulums is 0.5 m. Furthermore, the initial swing angles 
of the double pendulum in-plane and out-of-plane were both 
modelled at a 10° angle, and data samples are acquired every 
0.03s throughout each swing.

1 - Crane body, 2 - Pulley set, 3 - Folding arm, 4 - Crane boom, 5,6 -Auxiliary 
cables, 7 - Main cable, 8 - Primary pendulum, 9 - Secondary pendulum, 

10 - 6DOF platform

Fig. 10. Experimental setup of payload system

Double-penDulum swing 
experiment without excitation 

anD anti-swing Device
Fig. 11 depicts the comparison and validation of the 

dynamic simulation and the experimental value of the 
in-plane and out-of-plane swing. Fig. 11 (a) represents the 
in-plane swing curve of the primary pendulum, Fig. 11 (b) 
shows the in-plane swing curve of the secondary pendulum, 
Fig. 11 (c) indicates the out-of-plane swing curve of the 
primary pendulum, and Fig. 11 (d) reflects the out-of-plane 
swing curve of the secondary pendulum. The comparative 
study reveals that the theoretical calculation value is 
compatible with the experimental value, even under varying 
circumstances. The data demonstrate that the dynamic model 
of the double-pendulum anti-swing device for ship-mounted 
jib cranes presented in this paper is accurate. While a high-
frequency camera was utilized to capture the swing angles 
of the double pendulum during the test, there is a degree 
of discrepancy between the acquired data values and the 
theoretical values. The mistake is particularly noticeable 
during image acquisition and processing.

0 10 20 30 40

-10

-5

0

5

10

θ 2
(
d
e
g
)

Time,[s]

 simulation  experiment 

0 10 20 30 40
-15

-10

-5

0

5

10

15

θ 1
(d
eg
)

Time,[s]

 simulation  experiment

(a) in-plane of primary pendulum (b) out-of-plane of primary pendulum

0 10 20 30 40

-10

-5

0

5

10

ϕ
2
(
d
e
g
)

Time,[s]

 simulation  experiment

0 10 20 30 40
-15

-10

-5

0

5

10

15

ϕ
1
(
d
e
g
)

Time,[s]

 simulation  experiment

(c) in-plane of secondary pendulum (d) out-of-plane of secondary pendulum

Fig. 11. Double-pendulum swing simulation and experimental comparison

Double-penDulum anti-swing experiment 
unDer excitation conDition

The coefficient of traction of the auxiliary cables is assumed 
to be 0.5, and a six- degrees-of-freedom platform simulates the 
sea state of level 5. Fig. 12 compares the dynamic simulation 
and the experimental data for the in-plane and out-of-plane 
swings of the double pendulum. The results of the simulation 
were identical to the experimental data, demonstrating the 
validity of the present dynamic simulation model. Under 
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the influence of the double-pendulum anti-swing device, the 
swing diminished gradually. The decay period is around 4s, 
while there is a continuous swinging. There is still a periodic 
2° angle swing despite the fact that the angle of swing has been 
significantly decreased. This demonstrates that the periodic 
movement of the sea influences the motion principle of the 
double pendulum after equilibrium. The in-plane swing angle 
of the double pendulum is less than the out-of-plane swing 
angle after the pendulum has attained equilibrium. This 
suggests that the double pendulum’s anti-swing device is more 
effective on the in-plane swing than the out-of-plane swing.
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Fig. 12. Double-pendulum anti-swing simulation and experimental 
comparison

conclusion

The purpose of this paper is to offer a model consisting of 
a parallel 2DOF anti-swing control approach for underactuated 
double-pendulum maritime jib cranes that reduces swing. 
The device’s anti-swing mechanism is investigated, and 
a precise dynamic model of the double pendulum is given. 
The impacts of ship excitation, the main cable length, second-
level pendulum spacing, and auxiliary cable tension on the 
double-pendulum angle were investigated in detail, and 
the simulation findings were ultimately verified by the data 
analysis. Through theoretical research and experimental 
validation, the following are the main findings of this paper: 
(1) Under the impact of ship excitation, the swings of the 

double-pendulum payload interact, causing the swing 
of the first-level pendulum to grow and the swing of 
the second-level pendulum to decrease. The interaction 
between the two pendulums becomes increasingly 
apparent as the distance between them decreases. 

(2) The dynamic study indicates that raising the tension of the 
auxiliary cable may improve the suppression impact of 
the anti-swing device on the double-pendulum payload’s 
oscillation. The primary pendulum decreases the in-plane 
angle by 90% and the out-of-plane angle by 80%. The 
in-plane angle of the secondary pendulum is decreased 
by 90%, while the out-of-plane angle is reduced by 80%, 
so the pendulum reduction effect is discernible.

(3) The validity of the simulation model and the findings 
of the dynamics model are validated by comparing and 
evaluating the experimental and simulation data. 

Due to the paucity of research on modelling and finding 
solutions for double-pendulum anti-swing maritime jib 
cranes, this paper’s accurate dynamic model and experimental 
methodologies are of great use. In addition, the data and 
modelling reported in this research may offer more insights 
for the development of solutions and new modelling concepts 
applicable to different types of cranes, comparable to the 
studies on pendulum reduction.
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