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ORIGINAL ARTICLE 
 
 

The Anti Swing Strategy of Davit System to Unmanned Surface 
Vehicle at Sea 

 

Shao-Liang Wei • Hao-Qi Wang • Zhen-Wei Feng • Shuai Zhang • Feng-Yu Cheng 
  

  

Abstract: Aiming at the problem that the marine 
mother ship's davit system cannot accurately and 
quickly hoist due to wind and waves during the process 
of recovering the unmanned boat, an anti-swaying 
gondolas recovery system is designed to realize the 
automatic hoisting and deployment of the unmanned 
boat for recovery or deployment. We created a tension-
length gondola recovery and deployment system model, 
which reduced the swing angle of the unmanned boat 
davit system's hoisting and deployment through 
adaptive control of the tension and length of the davit 
ropes, thereby realizing the installation and deployment 
of unmanned maritime boats at sea. It’s accurate and 
fast. Simulation experiments show that under the 
combined action conditions of 10 ° roll angle and 5 ° 
pitch angle, the deflection range of the gondola system 
equipped with a deflection device can reach about 60%. 
Key word: Unmanned Surface Vehicle ; Davit system; 
anti-swaying gondolas recovery system; tension-length 
model  
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  wsl_ify@163.com 

  
1    Henan Polytechnic University, Jiaozuo, 454000, China 

 

 

 

 

0  Introduction 

 

With the deepening of the concept of maritime 
sovereignty, the world's major maritime powers 
have taken unmanned boats as an important 
research direction. In order to ensure that the 
unmanned boat can complete the task smoothly 
and quickly, the mother ship davit system must be 
modified to realize the safe and rapid recovery 
and deployment of the unmanned boat. Through 
research on the recovery process of unmanned 
boats, it is found that the recovery process of 
unmanned boats mainly faces two major 

problems. First of all, due to the effects of 
maritime wind and waves, the mother ship davit 
system is not easy to connect with the unmanned 
boat. Secondly, after the unmanned boat is lifted 
by the gondola system, the sway of the mother 
ship will inevitably cause the unmanned boat to 
sway. If the swinging amplitude is too large, it 
will easily cause danger. 

Aiming at the problem of hoisting a hoist, the 
generally adopted method is to connect the 
hoisting device on the boat by a steel cable. This 
method requires manual participation for each 
deployment and recovery, which takes too long. 
Aiming at the anti-swaying problem of the 
gondola, KU et al[1]. Applied the RBTS active 
control method to suppress the swing of the lifting 
system, and realized the RBTS anti-swaying rope 
tension control through the PD controller. Finally, 
it was verified that the RBTS control method has 
a certain anti- Pendulum effect. JANG et al[2]. 
Applied the T-S fuzzy control method to suppress 
the swing of the hoisting system to establish a 
dynamic model of a marine crane lifting container, 
and verified that the T-S fuzzy control method has 
a certain inhibitory effect on the swing of the 
container. CHWAD et al.[3] used a second-order 
sliding mode control method to suppress the 
swing of the lifting weight, and performed a 
three-degree-of-freedom modeling of the ship's 
bridge crane, and verified that the second-order 
sliding mode control method has a certain 
suppression effect on swing. Yongchun Fang and 
Pengcheng Wang et al.[4-5] Modeled the 
dynamics of the rotary swing-arm marine crane, 
designed a nonlinear controller based on the 
model, and performed simulation and 
experimental verification. Ku and Cha et al[6]. 
used PD controller to control the tension of the 
swing reduction rope, and carried out 
experiments using the shrinkage model. Han 
Guangdong, Hang Li et al[7]. designed the 
telescopic casing anti-rolling device for the test, 



 

 

and also achieved the effect of restraining the 
swing of the crane. Dabeng Zhang, Keqiang Zhu 
[8]. Studied the operation process of turning and 
lifting of large rotary lifting ships with different 
waves downward. 

Based on the current situation of anti-sway 
technology of gondolas and the operating 
conditions of unmanned boats, this paper designs 
a recovery system for anti-sway gondolas, which 
realizes the automatic lifting and deployment of 
unmanned boats for recovery or deployment. 
Created a tension-length gondola recovery and 
deployment system model, which reduced the 
swing angle of the unmanned boat davit system's 
hoisting and deployment through adaptive control 
of the tension and length of the davit's ropes, 
thereby realizing the installation and deployment 
of the unmanned sea It is accurate and fast. Finally, 
the anti-sway effect of the system is verified by 
ADAMS simulation experiments.  

 

1  Modeling of gondolas 

 

1.1  Swing Analysis of Gondola System 

When the ship is traveling on the sea, it will be 
affected by the wind, waves and currents of the 
sea, and it will roll, pitch, yaw, sway, surge, and 
heave six degrees of freedom, so the gondola 
system is unstable Attribute, experimental 
modeling is more difficult. To simplify the 
problem, we usually only discuss the three cases 
of roll, pitch, and roll / pitch interaction, ignoring 
the secondary factors. The davit system can be 
simplified into a typical dynamic system. Vector 
dynamics and analysis can be applied. Dynamics 
and Lagrange's equations[5]. 

The gondola system only performs rolling or 
pitching movements under the action of the waves. 
At the same time, the waves are assumed to be 
regular waves. Due to the effect of inertia, the 
unmanned boat will perform a movement similar 
to a single pendulum in the rolling or pitching 
plane. In actual sea conditions, roll and pitch 
often occur at the same time. The movements of 
the unmanned boat will be the superposition of 
these two types of movements, that is, the lifting 
point will be the center of the circle and the length 
of the lifting rope will be the radius to do the ball 
crown[9]. 

1.2  Wave Motion Modeling 

There are many factors that cause wave motion, 
such as wind waves, tidal waves, earthquake 

waves, ship waves, etc. Among them, wind waves 
play a leading role. Because the Shanghai winds 
at sea level are diverse and complex, this results 
in waves that are irregular and cannot be 
expressed by simple mathematical formulas. 
They can be studied by mathematical statistics. 
For the convenience of research, the waves are 
usually defined as regular waves. The regular 
waves can be simplified by classical fluid 
mechanics. The simplified wave surface equation 
is: 

ζ = ζa(sin ωt + ε)           (1) ζa is amplitude, ω is the wave frequency. 
 

1.3  Mother ship-lifting point-unmanned 

boat model 
 

 

   

 

 

 

 

 

 

Figure 1  Model of mother ship-lifting point-
unmanned boat 

The model of the mother ship-lifting point-
unmanned boat is based on the following premise: 
(1) the wave motion is regarded as a regular wave; 
(2) the boom is considered as a rigid body without 
elastic deformation[10]; (3) the wire rope is 
ignored for elastic deformation and its mass is 
ignored; (4) In the process of lifting the gondola, 
the unmanned boat does not twist and can be 
regarded as a particle[11]. 

The model of the mother ship-lifting point-
unmanned boat is shown in Figure 1. Point O is 
the fixed point of the base and the boom of the 
system, point P is the lifting point, and Q is the 
mass point of the unmanned boat. L1 and L2 
represent the length of the boom and the length of 
the rope, respectively. The movement of the boom 
is represented by the rotation angle α and the pitch 
angle β, and the unmanned movement is 
represented by the in-plane angle θx and out-of-
plane angle θy.  
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2  Anti-sway gondola recovery system 

 

2.1  Overall design 

The anti-swaying recovery system is shown in 
Figure 2. It consists of four steel cable slings, two 
anti-swaying straight arms and an automatic 
lifting device. The four steel cable hoisting ropes 
are respectively connected to the lifting rings on 
the automatic hoisting device, so as to realize the 
cooperation of the anti-swaying straight arm and 
the automatic hoisting device, thereby realizing 
fast and accurate lifting and anti-swaying during 
lifting of the unmanned marine at sea. 

 

Figure 2  Anti-sway gondola recovery system 

 

Automatic lifting device of the unmanned boat 
lift system is shown in Figure 3. Its structure is 
mainly divided into four parts: an upper 
connection mechanism, a lower connection 
mechanism, a retractable hoist mechanism, and a 
steel cable connection mechanism. In response to 
the situation that the offshore unmanned boat 
davit system is affected by wind and waves during 
operation and is not easy to align with the 
unmanned boat, the upper and lower magnets are 
used in the design of the upper and lower 
connection mechanism, and the attraction of the 
magnet is used to guide the unmanned boat 
system and the unmanned boat. Regarding the 
marine unmanned boat davit system, it is 
necessary to take into account the recovery and 
deployment at the same time during the operation. 
During the design, the hook can only move up and 
down with the davit system, and the hoist ring is 
designed to be retracted by the wire rope. The 
forward and reverse movements are performed 
forward and backward, and the deployment and 
recovery of the unmanned boat are realized 
through the combination and separation of the 
hooks and rings. Aiming at the problem of 
swaying during the movement of the marine 
unmanned boat after lifting, the design of the 

cable connection mechanism uses multiple rings 
at the cable connection end, so that it can be 
connected to multiple sections of steel cable, and 
the anti-sway device is used to suppress the 
process of the boat.  

Figure 3  Automatic lifting device of the unmanned 
boat lift system 

 

Anti-swing straight arm is the core component 
to realize the anti-sway function. It is distributed 
on both sides of the rear end of the boom of the 
davit system. It is composed of universal wheel, 
universal wheel frame, extension rod, extension 
rod support, oblique connecting rod and oblique 
connecting rod support. The ANSYS was used to 
analyze the structural strength of the core parts of 
the anti-swing straight arm. They include the 
extension rod (Figure 4), the extension rod 
support (Figure 5), and the oblique connecting 
rod (Figure 6). The comparison of material 
parameters meets the strength requirements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4  Deformation stress nephogram of 
extension rod 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5  Deformation stress nephogram of 
extension rod support 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6  Deformation stress nephogram of oblique 
connecting rod 

 

2.2  Retracting and using process 

The unmanned boat recovery process is shown in 
Figure 7. When the upper half of the upper 
connection mechanism and the steel cable 
connection mechanism is close to the lower 
connection mechanism installed on the unmanned 
boat deck, the upper and lower magnets attract. 
When the upper half moves downwards, the four 
connecting cylinders of the upper and lower 
connecting mechanisms are combined one-to-one 
correspondingly due to the effect of attraction. In 
this way, the alignment of the upper and lower 

parts is achieved, and the steel cable connection 
mechanism starts to move downward individually. 
The steel cable connection mechanism moves 
downwards until the ring base contacts the upper 
connection mechanism and the hook reaches the 
designated position. Start the forward switch of 
the reducer, and the two output shafts will drive 
the drums at both ends. Due to the different 
directions of the wound wire ropes, the wire ropes 
at both ends will be curled and released. At this 
time, the four lower connecting mechanism rings 
Will move inward during the traction of the wire 
rope. Until the upper end of the ring body is in 
contact with the hook, at this time, the rotation of 
the motor is suspended. The hoisting system 
begins to lift, and the four hooks of the steel cable 
connection mechanism move upwards, which 
will hang the four ring bodies of the lower 
connection mechanism, and the entire recycling 
connection task is completed. 

The deployment process of the unmanned boat 
is opposite to the recovery process. When the 
gondola system stabilizes the unmanned boat in 
the water, the switch is turned on and the dual 
output shaft of the reducer drives the reel. Due to 
the different directions of the coil wire rope, One 
curls and one releases, so the four ring bodies of 
the lower connection mechanism are subjected to 
outward traction, and the ring bodies move 
outward and gradually decouple. When the ring 
body moves to the specified position, the rotation 
of the reducer is suspended. Finally, the hoisting 
system is lifted to break the attraction of the upper 
and lower magnets, and the upper and lower 
connection mechanisms are disengaged. The 
deployment process is complete. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

                          

 

 

 

 

 

 

 

 

 

 

Figure 7  Schematic diagram of recovery process of 
unmanned boat 

 

3  Anti-sway recovery control system 

 

3.1  Model of Anti-sway recovery control 
system 

The working principle of the anti-swaying 
recovery control system of the gondolas is: when 
the suspended unmanned boat sways due to the 
swaying of the mother ship, by controlling the 
motor inside the box of the gondolas system to 
apply tension to the anti-swaying rope, and the 
applied tension The force will generate a 
horizontal component force to balance the 
horizontal inertial force generated by the swing of 
the unmanned boat. When all three anti-swaying 
ropes are tensioned, a space triangle will be 
formed, and the movement of the davit system in 
any direction in space will be hindered, thereby 
To achieve the purpose of anti-swing. 

3.1.1  Modeling the length of anti-sway 
gondolas recovery control system 

 

 

 

 

 

 

 

 

Figure 8  Length model 

The model of the gondolas system with anti-sway 
device is shown in Figure 8. O is the origin of the 
base of the gondolas system, D is the connection 
point of the boom and the base, M is the 
connection point of the anti-swing straight arm, 
and N is the main sling and The intersection 
points of the boom, A, B, and C are three anti-
swaying nodes, P is the connection point of the 
three anti-swaying rope, and Q is the suspension 
Importantly, α is the angle between the boom of 
the gondola system and the horizontal plane. 

Establish a coordinate system with O as the 
origin of coordinates. Let the length of the main 
sling be L, and the length of the three anti-
pendulum cables be L1, L2, L3. O（0,0,0） ,D
（ 0,0,LOD ）、 M(0,  LDM cos α , LDM sin α +LOD ), N(0,  LDN cos α , LDN sin α +LOD ), A(0,  LDA cos α , LDA sin α +LOD ), B(LMB,  LDM cos α , LDM sin α +LOD ), C(−LMC,  LDM cos α , LDM sin α +LOD),P(0,  LDN cos α , LDN sin α + LOD − L)。 

3.1.2  Modeling Tension of Anti-Sway Gondola 
Recovery System 

 

Figure 9  Tension analysis diagram of anti swing 
device 

 

F0 is the main sling tension, F1 is the anti-swaying 
cable tension, F2 is the second anti-swaying cable 
tension, F3 is the third anti-swaying cable tension, 
and G is the total gravity of the unmanned boat 
and automatic connection device. P is the lifting 
point of the retractable connection mechanism of 
the automatic connection device, A is the 
intersection point of No. 1 sway cable and boom, 
B is the intersection point of No. 2 sway cable and 
left arm, and C is No. 3 sway cable and right arm 
Where N is the intersection of the main sling and 
the boom and D is the center of gravity of the 
unmanned boat. The force analysis is as follows: F1 = [F1x , F1y,F1z]T

 F2 = [F2x , F2y,F2z]T
 F3 = [F3x , F3y,F3z]T
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F0 = [0,0, F0]T 

When static equilibrium is defined, P, A, D are 
on the XOZ plane, then F1y = 0. Because the No. 
2 anti-pendulum cable and No. 3 anti-pendulum 
cable are symmetrical in space, as long as the 
tension of the two pendulum cables is equal, there 
is F2y = -F3y, which can ensure static balance in 
the Y direction. So just consider the static balance 
of the three anti-pendulum cables in the X and Z 
directions. Define the components of the three 
rope tensions in the X and Z directions: {F1x = |F1|i1xF1z = |F1|i1z      {I1x = (xA − xP)/LPAi1z = (zA − zP)/LPA                      (2)                         

 {F2x = |F2|i2xF2z = |F2|i2z {i2x = (xB − xP)/LPBi2z = (zB − zP)/LPB                    (3) 

 {F3x = |F3|i3xF3z = |F3|i3z       {i3x = (xC − xP)/LPCi3z = (zC − zP)/LPC                   (4)     
Since B and C are symmetrical, then: LPB = LPC                                    (5)     
The static equilibrium equation of the 

connecting device in the X and Z directions is: F1x − F2x − F3x = 0                        (6)                F1z + F2z + F3z + F0 = mg              （7）                            

Due to the space symmetry of the No. 2 and 
No. 3 anti-pendulum cables, {|F2| = |F3|i2x = i3xi2z = i3z                                  (8)    

Substitution can be obtained: |F2| = |F1| ( i1x2i2x)                         (9)    |F0| = mg − |F1|i1z − 2|F2|i2z              (10) 

 

3.3  Anti-sway device control system 

Anti-sway device control system will encounter 
two conditions during operation. One is that the 
main sling is not vertical; the other is that the 
main sling is vertical, but the anti-sway 
Untensioned, a tension-length control system was 
designed. Install an angle sensor on the main sling 
to detect the angle between the main sling and the 
vertical direction. The value detected by the angle 
sensor will be fed back to the PLC controller to 
determine whether the main sling is vertical. If the 
main sling is not in the vertical state, the length 
control system is activated to achieve the vertical 

of the main sling; if the main sling is in the 
vertical state, the tension control system is 
activated to prevent the tension of the sling. 

Principle of length control system: A coaxial 
encoder is installed on each of the three anti-
swaying hydraulic motors to record the real-time 
movement values of the three anti-swaying ropes. 
The real-time values of the three anti-swaying 
rope lengths can be obtained through the 
conversion function. According to the lifting 
order of the gondola system, through the length 
model, the design values of the three anti-
pendulum lengths can be obtained. By comparing 
the real-time value of the anti-pendulum length 
with the design value, the difference of the anti-
pendulum length can be obtained, and the 
difference is converted into the current and passed 
to the length controller in the PLC controller. The 
length controller changes the direction of the 
sway motor by controlling the opening of the 
directional valve, and changes the rotation speed 
of the sway motor by controlling the opening of 
the proportional valve. The three anti-sway cables 
are retracted accordingly to achieve the vertical of 
the main sling.  

Tension control system principle: Install a steel 
wire rope tension sensor on each of the three anti-
swing cables, set the tension value through the 
tension model, and the value collected by each 
anti-swing cable tension sensor to obtain the 
actual tension value through the conversion 
function. The actual tension value is compared 
with the set tension value to obtain the tension 
difference value. The tension difference value is 
passed to the tension controller in the PLC 
controller. The tension controller changes the 
direction of the swing-reduction motor by 
controlling the opening of the directional valve, 
and changes the rotation speed of the swing-
reduction motor by controlling the opening of the 
proportional valve.  

 

4  Anti-sway strategy verification 

 

The ADAMS simulation software system is used 
to simulate the system. The verification 
experiment verifies the anti-swaying gondolas 
recovery by comparing the size of the in-plane 
angle and the out-of-plane angle of the swing of 
the ordinary gondola recovery system and the 
anti-sway gondola recovery system under the 
same conditions anti-sway effect of the 
system[12]. 



 

 

4.1  Modeling a Gondola System 

In view of the large number of components and 
complex structure of the gondola system, the 3D 
modeling of the gondola system is generally 
performed first, and then the simulation software 
is imported through the exchange interface. It is 
assumed in the simulation experiment that the 
wire rope model is modeled by discrete flexible 
connectors, that is, a section of the wire rope is 
separated into small cylinders, and adjacent small 
cylinders are connected by the sleeve force. The 
two-degree-of-freedom swaying platform model 
is mainly used to simulate the ship's roll and pitch 
at sea. The modeling method is the same as that 
of the gondola mechanism. In view of the rigid 
connection between the automatic connection 
device and the unmanned boat when the marine 
unmanned boat is lifted, the automatic connection 
device can be simplified as a whole, and the 
unmanned boat can be simplified as a 500kg 
lifting weight, and the two are rigidly connected. 
After setting the overall model and related 
parameters of the maritime unmanned boat 
gondola system, finally, the driving function Ad * 
sin (ω * time) is added to the ball joint of the 
swing platform and the support column. With 
reference to the latest CCS stability standards for 
cranes, set the roll angle to 10 ° and the pitch 
angle to 5 °. 

 

Figure 10  Prototype model of ordinary gondolas 
recovery system 

 

Figure 11  Prototype model of anti-sway gondolas 
recovery system 

 

4.2  Analysis of simulation results 

 

Figure 12  Comparison of roll 10 ° in-plane angle 

 

Figure 13  Comparison of out of plane angle of 
rolling 10 ° 

                                 

Figure 12 and Figure 13 are the comparison 
curves of in-plane angle and out-plane angle of 
ordinary gondolas 'recovery system and anti-
swaying gondolas' recovery system when the 10 ° 
roll excitation is input on the swaying platform. It 
can be seen from the figure that the maximum 
value of in-plane angle of ordinary gondola 
recovery system 15.88 °, the maximum out-of-
plane angle is 3.23 °. The maximum value of the 
in-plane angle of the anti-sway recovery system 
is 6.06 °, and the swing reduction is 61.84%; the 
maximum of the out-of-plane angle is 1.30 °, and 
the swing reduction is 59.75%. 

 

Figure 14  Comparison of pitch 5 ° in-plane angle    



 

 

 

Figure 15  Comparison of pitch out of plane angle 

 

Figure 14 and Figure 15 are the comparison 
curves of in-plane angle and out-plane angle of 
the ordinary gondola recovery system and anti-
sway gondola recovery system when 5 ° pitch 
excitation is input on the swing platform. It can 
be seen from the figure that the maximum value 
of the in-plane angle of the ordinary gondola 
recovery system 1.09 °, the maximum out-of-
plane angle is 11.00 °. The maximum value of the 
in-plane angle of the anti-swaying gondolas 
recovery system is 0.47 °, and the swing reduction 
is about 56.88%; the maximum value of the out-
of-plane angle is 5.12 °, and the swing reduction 
is 53.45%. 

 

Figure 16  Comparison of internal angle of 
composite action surface 

 

Figure 17  Comparison of external angle of 

composite action surface 

                                   

Figure 16 and Figure 17 are the comparison 
curves of the inside and outside angles of the 
ordinary gondola recovery system and anti-sway 
gondola recovery system when the 10 ° roll 
excitation and 5 ° pitch excitation are input 
simultaneously on the swing platform. The 
maximum in-plane angle of the boat recovery 
system is 15.93 °, and the maximum out-of-plane 
angle is 10.52 °. The maximum value of the in-
plane angle of the anti-swaying gondolas 
recovery system is 6.37 °, and the swing reduction 
is about 60.08%; the maximum value of the out-
of-plane angle is 4.22 °, and the swing reduction 
is 59.88%. 

 

5  Conclusion 

 

In order to solve the problem of accurate and fast 
hoisting and anti-sway when the unmanned boat 
is recovered by the marine mother ship davit 
system, a model analysis of the davit system is 
designed, a sway anti-swing hoist recovery 
system is designed, and a tension-length gondola 
recycling fabric is created The system model and 
joint simulation through simulation software 
verified that the anti-swaying gondolas recovery 
system has a certain anti-sway effect. 
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Figures

Figure 1

Model of mother ship-lifting point-unmanned boat

Figure 2

Anti-sway gondola recovery system

Figure 3

Automatic lifting device of the unmanned boat lift system



Figure 4

Deformation stress nephogram of extension rod

Figure 5

Deformation stress nephogram of extension rod support Figure



Figure 6

Deformation stress nephogram of oblique connecting rod



Figure 7

Schematic diagram of recovery process of unmanned boat



Figure 8

Length model

Figure 9

Tension analysis diagram of anti swing device

Figure 10

Prototype model of ordinary gondolas recovery system



Figure 11

Prototype model of anti-sway gondolas recovery system

Figure 12

Comparison of roll 10 ° in-plane angle

Figure 13

Comparison of out of plane angle of rolling 10 °



Figure 14

Comparison of pitch 5 ° in-plane angle

Figure 15

Comparison of pitch out of plane angle

Figure 16

Comparison of internal angle of composite action surface



Figure 17

Comparison of external angle of composite action surface


