
1 INTRODUCTION 

Seafloor drill is a kind of necessary equipment for 
the survey of marine mineral resources [1]. In the 
process of launch & recovery of the seafloor drill, 
due to the influence of the wave, ship will produce 
complex motions, and lead to the seafloor drill 
motions through the umbilical cable. At the same 
time, the umbilical cable will cause alternative 
variation between tension and loosening, which will 
lead to a significant vibration of the umbilical cable 
and make the umbilical cable failure and fracture [2-
3]. In order to investigate the internal coupling 
mechanism, it is necessary to obtain the dynamic 
response of the seafloor drill movement and the 
tension of the umbilical cable. Recently, much 
attention has been paid by many researchers to the 
mechanism of the movement and the control strategy 
of the launch & recovery system [4-5]. A dynamic 
model of the crane was established based on finite 
element method, and the calculation results indicate 
that the large amplitude responses occur when wave 
period approach the natural period of the payload [6-
7]. However, the payloads have not been in touch 
with the seawater in the process of launch & 
recovery and the elastic deformation of the umbilical 
cable is often ignored in previous research. In this 
paper, the seafloor drill needs to launch seafloor to 
survey the marine mineral resources. In order to 

analyze the dynamic response of the launch & 
recovery system of the seafloor drill and the tension 
of the umbilical cable, it is necessary to consider the 
influence of the seawater resistance and the elastic 
deformation of the umbilical cable. 

2 MODELS FOR LAUNCH & RECOVERY 
SYSTEM OF SEAFLOOR DRILL 

2.1 Model description 

Figure 1 shows a structural model of a launch & 
recovery system of seafloor drill, mainly including 
ship, marine winch, umbilical cable, hoist boom, and 
seafloor drill.  

In Figure 1 three coordinate systems are 
introduced to describe the launch & recovery system 
of the seafloor drill, the inertial reference frame 

0 0 0 0O x y z  is fixed to the ground. The ship 
coordinate frame O xyz  is fixed to and, hence, 
moves with the ship. Point A  lies at the rotation 
axis of the bottom of the hoist boom, and point B  
lies at the hoisting point of the hoist boom. The 
distance from point A  to origin of the ship 
coordinate frame is the length of OAL , and the 
distance from point B  to point A is the length of ABL . 
 is the angle between AB and the axis x . 

To describe the orientation of the umbilical cable 
with respect to the inertial reference frame 0 0 0 0O x y z , 
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we use a sequence of two angles, represented by   
and   in Figure 1. These two angles will be 

referred to as the in-plane and out-of-plane 
pendulum angles, respectively. 

 

Figure 1. The structural model of launch & recovery system of seafloor drill 

2.2 Sea state conditions 

The sea elevation at location x, y with respect to the 
inertial frame 

0 0 0 0O x y z  is given by[8] 
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where  x y t , , is the contribution of the wave 
component i propagating at angle   (  is the angle 
between wave direction and the negative direction of 
the axis x , see Figure 1) with respect to the inertial 
frame 

0 0 0 0O x y z  and with a random phase i with 
uniform distribution on the interval  0,2 . 

i ,
i , 

and 
ik  are the wave amplitude, wave frequency, 

and wave number, respectively. 
Wave spectrum  iS   is statistic information of 

random wave and the relation between i  and  

 iS   can be written as 

 2i i iS   
                          (2) 

Then Eq. (1) can be expressed as 
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Here, A P-M spectrum is selected to describe the 
wave spectrum. The P-M spectrum is defined as 

     5 4 2
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 

           (4) 

where 1 3H  is the significant wave height. 

2.3 Ship motions and external load 

According to the theory of ship sea keeping [8], the 
differential equations of heaving, rolling, and 
pitching motions of the ship caused by irregular 
waves can be described as 
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where 1 2 5, , ,z z zA A A  are hydrodynamic 

coefficients of the heaving motion. 1B   is damping 

moment coefficient of the rolling motion, 2B   and 

3B   are restore moment coefficients of the rolling 

motion.
1 2 5, , ,C C C    are hydrodynamic coefficients 

of the pitching motion. 
zF , M , and M  are the 

interference forces of the heaving motion, 

interference moment of the rolling and the pitching 

motion, respectively. Some coefficients of Eqs.(5) 

are established according to the experiential formula 

[9-10]. 
In the ship coordinate frame O xyz , the 

hydrodynamic pressure at position  x y z, ,  can be 
expressed as  

   , ,kzp x y z ge x y t   , ,                    (6) 

Based on Froude-Krylov assumption, the 
interference force of heaving motion, interference 
moment of rolling motion and pitching motion are 
derived as follows 
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2.4 Dynamic equation of launch & recovery system 
of seafloor drill 

In this paper, the structural model of the umbilical 
cable can be viewed as a mass spring damping 
system (Fig. 2). The point that the umbilical cable 
contacts with the position of the hoisting point B of 
the hoist boom is set to the first node of the 
umbilical cable. 

 

Figure 2. The structural model of umbilical cable 

For the node j  , ,j j jx y z  of the umbilical cable, 
one gets 
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where      
2 2 2

1, 1 1 1j j j j j j j jl x x y y z z   
       ,

j

and
j  are in-plane and out-of-plane pendulum 

angles of node j  relative to node -1j , respectively. 

The tension on each node j  can be written as 

j jT EA                                (9) 

 1, 1, 1,j j j j j j jl l l   
   

where 1,j jl   is the free length of the umbilical 
cable between node -1j and node j . E and A are the 
effective Young’s modulus and cross-sectional area 
of the umbilical cable, respectively. 

The weight on each node j  can be written as 

1,j j cable j jG m g l g                        (10) 

where cable  is the linear density of the umbilical 

cable. 
The buoyancy on each node j  can be written as 

j jB gV                              (11) 

where   is seawater density. 

  According to Morison Equation, the 
hydrodynamic drag force on node j  can be written 
as 
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where d  is the diameter of the umbilical cable. 

tC  and 
nC  are tangential resistance coefficient and 

normal resistance coefficient of the umbilical cable, 
respectively. 

The dynamic equation of each node of the 
umbilical cable can be expressed as 
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where 1,2, , 1j n  , 
ajm  is the added mass 

(
1aj a jm k V ), 

1ak  is the coefficient of the added 

mass. 
The weight of the seafloor drill can be written as 

n drillG m g                              (14) 

The buoyancy of the seafloor drill can be written 
as 

n drillB gV                             (15) 

The hydrodynamic drag force on the seafloor drill 
can be written as 
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where xC , yC , and zC  are the resistance 

coefficient of movement of the seafloor drill in three 

directions, 
xS , yS , and 

zS  are resistance surface 

area of seafloor drill in three directions. 

The dynamic equation of the seafloor drill can be 

expressed as 
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 (17) 

where nm is the mass of the seafloor drill 

( n drillm m ), anm  is the added mass of the seafloor 

drill ( 2an a drillm k V ), 2ak is the coefficient of the 

added mass of the seafloor drill. 

1571



2.5 Initial condition of the umbilical cable 

Since the first node of the umbilical cable was fixed 
on the hoisting point of the hoist boom, the first 
node of the umbilical cable shares the same motions 
with the hoisting point B . 

Given the ship motions  z  , , , the homogeneous 
transformation matrix from the ship coordinate 
frame O xyz  to the inertial coordinate frame 

0 0 0 0O x y z  is obtained as follows 
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Then, the hoisting point B  , ,B B Bx y z of the hoist 
boom in the inertial coordinate frame 

0 0 0 0O x y z  is 
derived as follows 
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where z ,  and  are time-varying parameter,   
is assumed constant. By differentiating the position 
of the hoisting point B  , ,B B Bx y z , the velocity of 
hoisting point B  can be obtained. 

3 ANALYSIS OF SIMULATION RESULTS 

By applying the former theory, in this section, the 
calculation and analysis of launch & recovery system 
of seafloor drill are carried out based on a scientific 
research ship. The specifications of sea state are 
listed in Table 1, and the simulation parameters of 
launch & recovery system of seafloor drill are given 
in Table 2. 

Table 1.  Sea state conditions 

Sea state Level 3 Level 4 Level 5 

Significant height 1 3H (m) 1.2 2.5 4.0 

Period T (s) 4.0 6.0 8.5 

Table 2.  Simulation parameters  

Parameters Values Parameters Values 

L (m) 73.3 B (m) 10.2 

T (m) 3.4 ship (kg) 1200000 

drillm (kg) 8000 drillV (m
3
) 1.56 

OAL (m)   35.5 ABL  (m) 6 

   135° d (mm) 32 

E (GPa) 206 cable (kg/m) 2.35 

xC  1.67 yC  1.67 

zC  1.67 xS (m
2
) 8.35 

yS (m
2
) 8.5 zS (m

2
) 4.67 

nC  1.53 tC  0.02 

1ak  0.5 2ak  0.5 

 (kg/m
3
)   1000   

In the process of launch & recovery of the 
seafloor drill, the ship has been anchored, so we 
let =0v , and let the angle o=30 . For illustration, the 
seafloor drill at a depth of 1000 meters is introduced 
as a practical sample. 

3.1 The motion response of the ship 

Figure3, 4 and 5 respectively show the response 
curves of the heaving, rolling, and pitching motions 
of the ship in the sea state 3, 4 and 5 conditions. It 
can be seen that the ship appeared an irregular 
heaving, rolling and pitching motions under irregular 
waves. Compared with the significant wave height, 
the heaving motion of the ship is about one fifth. In 
addition, by comparing Fig. 4 with 5, the rolling 
motion is larger than the pitching motion, this is due 
to the length of the ship is larger than the breadth of 
the ship, which makes the rolling motion is more 
stable than the pitching motion. It is also noted that, 
as sea state condition increasing, the period and the 
response amplitude of the heaving, rolling and 
pitching motion of the ship will also be increasing. 
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Figure 3. The response curves of the heaving motion 
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Figure 4. The response curves of the rolling motion 
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Figure 5. The response curves of the pitching motion 
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3.2 Dynamic analysis of launch & recovery system 
of the seafloor drill at a depth of 1000 meters 

Figures 6, 7 and 8 show the response curves of the 
in-plane, out-of-plane pendulum angle (  and ) of 
the umbilical cable and the displacement in the x, y 
direction of the seafloor drill, respectively. Form 
Figures 6, 7 and 8 we can see that the in-plane and 
out-of-plane pendulum angles (  and  ) of the 
umbilical cable and the displacement in the x, y 
direction of the seafloor drill are enhanced along 
with the increase of the sea state condition. 
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Figure 6. The response curve of pendulum angle   
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Figure 8. The x , y displacement of the seafloor drill 

Figure 9 shows the response curves of the 
heaving motion of the seafloor drill. Compared 
with the maximum amplitude of the heaving 
motion of the ship, the maximum amplitude of the 
heaving motion of the seafloor drill is more than 
times larger than it. This is due to the hoist boom 
was fixed in the quarter-deck of the ship, which 
make the pitching motion of the ship has the most 

significant influence on the heaving motion of the 
seafloor drill. 
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Figure 9. The heaving motion of the seafloor drill 

Figure 10 shows the response curves of the 
tension of the umbilical cable. Form Figure 10 we 
can see that the tension of the umbilical cable is 
increased along with the increase of the sea state 
condition. 
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Figure 10. The tension of the umbilical cable 

4 CONCLUSIONS 

A lumped mass method is used to establish the 
dynamic model of launch & recovery system of 
seafloor drill that considers the influences of the 
seawater resistance and the elastic deformation of 
the umbilical cable. Under different sea state 
conditions, the movement of the seafloor drill and 
the tension of the umbilical cable are calculated and 
analyzed. 

The research results show that as the increasing of 
the sea state condition, the amplitude of the in-plane 
and out-of-plane pendulum angles of the umbilical 
cable, the displacement in the x and y direction of the 
seafloor, the heaving motion of the seafloor drill and 
the tension of the umbilical cable will increase. The 
analysis results can provide theoretical guidance for 
the studying of heave compensation and the constant 
tension automatic control of the umbilical cable. 
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