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Abstract 

In order to further study the motion characteristics of ships in wind and waves, based on 
the load characteristics of propellers in still water, this paper builds a propeller model 
of ships using rudder to maintain direct navigation under wind and waves, and carries 
out relevant test simulation. Using hardware equipment dSPACE/DS1104 in the 
laboratory , the semi physical platform of propeller load characteristics simulation 
system is built. Experiments are carried out on how to control the electromagnetic 
torque signal generated by permanent magnet motor to follow the given torque. Finally, 
the quantitative and qualitative analysis of the simulation results shows that the model 
is correct and feasible, and has practical significance for the research of ship motion 
simulation. 
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1. Introduction 

In the past few decades, people are often concerned with the load characteristics of the propeller in 

still water. However, when the ship is in actual navigation, some natural elements such as wind, waves, 

etc., the interference of ship movement is not negligible, and it will bring huge losses in serious 

circumstances. Therefore, it is studied the propeller load characteristics of the ship in wind, waves 

and streams, and can be simulated, which can optimize the performance of the ship's manipulation 

system in the ship design phase, which helps reduce the chance of accidents [1]. Based on the 

DSPACE/ DS1104, the load simulation model is integrated with the trail, and uses ControlDesk to 

real-time monitoring and online debugging of the system, so that the current signal output from the 

motor will follow the input reference signal to implement the propeller load characteristics. Research 

on real simulation. Through the research, the ship operated by the ship power system can better 

respond to various harsh sea conditions, and the purpose of safe operation of the ship will have a great 

significance for ship control theory. 

2. Mathematical modeling 

This paper uses the MMG model to study the reaction characteristics of marine paddle and rudder 

under the wind and waves. 

2.1 Linear mathematical model of ship  

According to the characteristics of MMG model and ship movement, the movement of the ship is 

simplified into a ship's motion linear mathematical model[2].The MMG model is attributed to: 

{

(𝑚 + 𝑚𝑥)�̇� − （𝑚 + 𝑚𝑦）𝑣𝑟 = 𝑋𝐻 + 𝑋𝑃 + 𝑋𝑅

（𝑚 + 𝑚𝑦)�̇� + (𝑚 + 𝑚𝑥)𝑢𝑟 = 𝑌𝐻 + 𝑌𝑃 + 𝑌𝑅

(𝐼𝑧𝑧 + 𝐽𝑧𝑧)�̇� = 𝑁𝐻 + 𝑁𝑃 + 𝑁𝑅

                 (1) 
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Where 𝑚 is the weight of the hull, 𝑚𝑥, 𝑚𝑦 is the additional mass of the ship in longitudinal and 

lateral direction; 𝑋𝐻 , 𝑌𝐻 , 𝑁𝐻 is a fluid power acting on the bare hull; 𝑋𝑃 , 𝑌𝑃 , 𝑁𝑃 is a propeller 

thrust; 𝑋𝑅, 𝑌𝑅, 𝑁𝑅 is a rudder force, respectively, 𝐼𝑧𝑧, 𝐽𝑧𝑧 is the hull inertial momentum and the 

additional inertial moment . 

2.2 Simulation of ship direct flight in still water 

The complete theory of navigation in still water can be integrated by the influence of the boat on the 

spiral of the propeller, the influence of the propeller and the theoretical module of the boat and the 

theoretical module of the ship movement[3]. 

 

 

Figure 1. Flow chart of calculation of direct shipping in still water 

 

As shown in Figure 1, it is a computing process of the ship linear navigation in still water. According 

to the navigation calculation module, the propeller will be promoted, and the relative speed of the 

propeller and the water is generated. when the propeller speed is given. Using Newton's second law, 

it is possible to obtain a navigation speed of the ship. Through the ship speed to analyze the force of 

the ship's movement: 

𝑉𝑆 =
1

𝑚+Δ𝑚
∫(𝑃𝑒 − 𝑅)𝑑𝑡                           (2) 

Where 𝑉𝑠 is the speed of the ship, 𝛥𝑚 is the additional mass, and 𝑃𝑒  is the propeller thrust, and 𝑅 

is the ship damping. 

2.3 Mathematical model of wind interference 

When the ship sails in the sea, the wind will produce interference to the ship.Whether it is resistance 

or thrust, it is unfavorable to the speed of ship speed[4]. 

 

 

Figure 2. Wind interference model 
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As shown in Figure.2, it is a wind interference module, the component 𝑢𝑅, 𝑣𝑅 is calculated on the 

X-axis and the Y-axis. By calculating the relative wind direction angle 𝛼, longitudinal, lateral, swivel 

pressure pressure on the ship can be calculated . 

Calculation of average wind pressure: 

{

�̄�𝑤𝑖𝑛𝑑 = 0.5𝜌𝑎𝐴𝑓�̄�𝑅
2𝐶𝑤𝑥(𝛼)

�̄�𝑤𝑖𝑛𝑑 = 0.5𝜌𝑎𝐴𝑠�̄�𝑅
2𝐶𝑤𝑦(𝛼)

�̄�𝑤𝑖𝑛𝑑 = 0.5𝜌𝑎𝐴𝑠𝐿�̄�𝑅
2𝐶𝑤𝑛(𝛼)

                         (3) 

Calculation of variable wind pressure: 

{

�̃�𝑤𝑖𝑛𝑑 = 0.2𝜌𝑎𝐿2�̄�𝑅
2|𝐶𝑤𝑥(𝛼𝑅)|

�̃�𝑤𝑖𝑛𝑑 = 0.2𝜌𝑎𝐿2�̄�𝑅
2|𝐶𝑤𝑦(𝛼𝑅)|

�̃�𝑤𝑖𝑛𝑑 = 0.2𝜌𝑎𝐿3�̄�𝑅
2|𝐶𝑤𝑛(𝛼𝑅)|

                         (4) 

Where 𝜌𝑎  is the air density, 𝐴𝑠  is the lateral projection area on the ship's waterline, 𝐴𝑓  is the 

orthographic projection area on the ship's waterline, and 𝐶𝑤𝑥(𝛼), 𝐶𝑤𝑦(𝛼), 𝐶𝑤𝑧(𝛼) are the axial 

interference force coefficients. 

2.4 Mathematical model of wave interference 

Wave interference force is generated by waves, and waves are generated due to the periodic motion 

of seawater affected by interference factors. Since this article is concerned with the study of ship load 

characteristics under the action of wind and waves, only the influence of wind waves on ship load 

characteristics is discussed here. 

 

 

Figure 3. Wave interference model 

 

Figure 3 shows the wave interference module. The wave frequency difference 𝛥𝜔 can be obtained 

from the maximum cut-off frequency 𝜔𝑚𝑎𝑥   and the minimum cut-off frequency 𝜔𝑚𝑖𝑛  , and then 

the wave frequency 𝜔𝑖 of the i-th regular wave can be obtained. Through the amplitude 𝑎𝑖 of the i-

th regular wave and the wave encounter angle 𝜒, the longitudinal, lateral and maneuvering forces of 

the wave acting on the ship can be obtained. This article only considers irregular waves[5]. 

Calculation of the drifting force of irregular waves: 

{

𝑋𝑤𝑎𝑣𝑒 = −0.5𝜌𝐿 𝑐𝑜𝑠 𝜒 ∑ 𝑎𝑖
2𝐶𝑋𝑊(𝜆𝑖)

𝑚
𝑖=1

𝑌𝑤𝑎𝑣𝑒 = 0.5𝜌𝐿 𝑠𝑖𝑛 𝜒 ∑ 𝑎𝑖
2𝐶𝑌𝑊(𝜆𝑖)

𝑚
𝑖=1

𝑁𝑤𝑎𝑣𝑒 = 0.5𝜌𝐿2 𝑠𝑖𝑛 𝜒 ∑ 𝑎𝑖
2𝐶𝑁𝑊(𝜆𝑖)𝑚

𝑖=1

                      (5)

 
Where 𝜌 is the sea water density, 𝜒 is the forward encounter angle between the ship and the wave, 

and its range is defined opposite to the incoming flow angle 𝛼, 𝑎𝑖 is the amplitude of the i-th regular 

wave, and 𝐶𝑋𝑊, 𝐶𝑌𝑊 , 𝐶𝑁𝑊 are the drift force coefficients . 
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3. Simulation of ship working conditions under the disturbance of wind and 

waves 

The action of wind and waves on the ship produces power and the longitudinal component of power 

on the waterline of the hull, which increases or decreases the ship’s speed. At the same time, the ship 

is prone to deflect, drift and heave due to the influence of the current.In order to make the ship's force 

more obvious, do the following experiments. 

1) Set the heading angle of the ship to 0°, the wind direction angle to 10°, the ship speed increases at 

a constant speed at 4000s, and the speed decreases at a constant speed at 6000s. 

 

Figure 4. Simulation of hierarchical start-up under upwind disturbance 

 

2) Set the heading angle of the ship to 0°, the wind direction angle to 150°, the ship speed decelerates 

at a constant speed at 4000s, and increases at a constant speed at 6000s. 

 

Figure 5. Simulation of hierarchical start-up under downwind disturbance 

 

3) Set the heading angle of the ship to 0°, the wind direction angle is initially set to 10°, and suddenly 

changes to 150° at 4000s. 

 

Figure 6. Simulation of hierarchical start-up under headwind first and then downwind interference 
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4) Set the heading angle of the ship to 0°, the wind direction angle is initially set to 150°, and suddenly 

changes to 10° at 4000s. 

 

Figure 7. Simulation of hierarchical start-up under downwind first and then headwind interference 

 

From the above experimental results, it can be seen that under the interference of wind and waves, 

the direct manifestation of ship motion is the change of ship speed and torque.Through the 

interference of wind direction and wind speed changes, the correctness and stability of the system 

simulation are verified. In addition, the experimental data of the hardware-in-the-loop platform also 

verified that no matter how the input working condition signal changes, the current signal output by 

the motor can roughly follow the given input current signal obtained by converting the output torque 

of the ship simulation. 

 

 

Figure 8. 𝑖𝑞 follow diagram under wind and wave interference condition 

 

4. Conclusion 

1) Analyze the system principle and system composition of the propeller load simulation, simulate 

and analyze various working conditions of the ship maintaining direct navigation under the 

disturbance of wind and waves, and then use the system simulation to test and simulate the propeller 

load characteristics under typical working conditions.The correctness and stability of the system 

simulation are confirmed. 

2) Build a semi-physical platform for simulation of propeller load characteristics based on MATLAB, 

dSPACE and existing equipment in the laboratory. Using dSPACE ControlDesk to perform real-time 

monitoring and online debugging of the experiment. The simulation results verify that the control 

method can follow the given signal well, and finally the experiment of the propeller load characteristic 

simulation system is completed. 
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