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Abstract. Based on the rain-flow counting method, a new random numerical simulation method
for evaluating dynamic response characteristics of a launch and recovery system is presented in
this study. It takes a random irregular wave as an input, and the random distribution characteristics
of the dynamic responses of the launch and recovery system of a seafloor drill is analyzed by using
the rain-flow counting method. The nonlinear coupling mechanisms among the movements of the
ship, the umbilical cable, and the seafloor drill caused by random irregular wave are investigated.
A dynamic model that considers the influence of the seawater resistance on the launch and
recovery system of seafloor drill is established. Then, significant wave heights are used to produce
excitation of the random irregular wave, and the corresponding dynamic random responses of the
launch and recovery system are calculated and analyzed. At the same time, the movement of the
seafloor drill and the tension of the umbilical cable are calculated and analyzed for the cases of
seafloor drill at different water depths. This method provides a new tool for evaluating the dynamic
response characteristics of launch and recovery system of other seafloor equipment under random
irregular wave.

Keywords: seafloor drill, launch and recovery system, random irregular wave, rain-flow counting
method, dynamical characteristics.

1. Introduction

Hoisting machinery is widely used to transfer cargo and other equipment from and to various
locations in industrial field, such as land hoisting machinery and marine hoisting machinery.
Compared to land hoisting machinery, marine hoisting machinery is more complicated due to the
influence of many factors, like wave, wind, and ocean currents, which typically impose a greater
impact on safety and efficiency of the hoisting operations. Recently, a number of studies involving
the dynamic response characteristics among the movement of the ship, the cable, and the cargo of
the marine hoisting machinery have been reported in the literature [1-6]. However, in most of
these studies, the cargo is not in touch with the seawater and its lifting height is normally from ten
to several hundred meters in the process of the hoisting. In order to conduct marine geologic
survey, marine environment exploration and other marine scientific investigation, some deep-sea
equipment, such as seafloor drill, deep-sea mining vehicle and remote operated vehicle (ROV),
requires to be operated near seafloor with different water depths (sometimes, the water depth is
more than thousands of meters). Due to the combined effects of wave, wind, and ocean currents,
the ship motions are complicated. As a result, when the deep-sea equipment reaches the seafloor,
its actual touchdown location may be quite different than the expected one. In addition, the
movement of deep-sea equipment will lead to a significant vibration of the cable and make the
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cable fracture and failure [7-9].

In most studies, regular wave is typically chosen as an external excitation to analyze the
dynamic responses of the marine hoisting machinery system. However, this is not true for the
actual hoisting operation environment. Actually, real ocean waves are random and irregular, and
these wave patterns are constituted by a series of random wavelengths and random wave
amplitudes. Based on the statistical analysis of a large amount of random irregular wave patterns,
all of them actually have some statistical regularities. For different random irregular wave patterns,
the significant wave height could be considered as a statistical characteristic value. Furthermore,
in most previous research, the random irregular wave followed the normal distribution, and the
significant wave height of the random irregular wave followed the Rayleigh distribution.

In this paper, based on the rain-flow counting method, a new random numerical simulation
method is applied to assess dynamic response characteristics of the launch and recovery system.
A random wave is used as an input, and the random distribution of dynamic responses of the
launch and recovery system are calculated and analyzed. Analysis results can provide theoretical
guidance for the estimation of heave compensation and the constant-tension control of the
umbilical cable. In addition, random irregular wave was typically chosen as an external excitation
to analyze the dynamic responses of the launch and recovery system in this study. We just
presented the dynamic response characteristics of the launch and recovery system and the statistic
distributed regularity of the responses of the movement of the ship, the umbilical cable, and the
seafloor drill in the sea state 4 condition. It is a practical trial to apply statistics analysis to evaluate
the dynamic responses of the marine hoisting machinery under random irregular wave.

2. Dynamical model of launch and recovery system
2.1. Model description

Fig. 1 shows a sketch of a launch and recovery system with a seafloor drill. This system mainly
includes a ship, a marine winch, an umbilical cable, a hoist boom, and a seafloor drill. Two
assumptions are applied for the following analysis in this study:

(1) The elastic deformation of the umbilical cable and the rotation of the seafloor drill are
ignored.

(2) The hoist boom is assumed as a rigid rod.

Umbilical cable

Wave direction

A g

Fig. 1. Sketch of launch and recovery system of seafloor drill

In Fig. 1 three coordinate systems are introduced to describe the launch and recovery system
of the seafloor drill. The inertial coordinate system, Oy-XoV,Zo, is fixed to the ground. The
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coordinate system of the ship, 0-xyz, is fixed to and moves with the ship. Point A4 is located at the
center of the rotation axis of the hoist boom, and point B is located at the hoisting point of the
hoist boom. The distance from point 4 to the origin of the coordinate system of the ship is defined
as Loy, and the distance from point B to point A is defined as Lyp. « is the angle anticlockwise
from AB to the axis x.

In order to describe the orientation of the umbilical cable in Ogy-x,Vyz,, two angles,
represented by y and § are used (Fig. 1). These two angles will be referred to as the in-plane
pendulum angle and the out-of-plane pendulum angle, respectively.

2.2. Ship motions and external loads

The differential equations of heaving, rolling, and pitching motions of the ship caused by
irregular waves can be described as follows [10]:

(Msnip + Amy, )7 + A2 + Agyz + Ag,0 + Ay, 0 + As,0 = F,

Upp + Do) + Bipl@lg + Boyp + B39 = My, )
Uso + D)6 + C196 + C200 + Cs9% + CapZ + Csoz = My,

where Mgy, is the mass of the ship, Am,, is the added mass due to heaving motion, A,,, Az, A3,
A4, and As, are hydrodynamic coefficients of the heaving motion. J,, and AJ,, are inertia
moment and the additional inertia moment due to the rolling motion, respectively. By, is the
damping moment coefficient of the rolling motion, B, and Bs,, are restore moment coefficients
of the rolling motion. Jgg and AJgg are inertia moment and the additional inertia moment due to
the pitching motion. Cyg, Cyg, C3g9, C49 and Csg are hydrodynamic coefficients of the pitching
motion. F;, M, and My are the interference forces of the heaving motion, interference moments

of the rolling and the pitching motion, respectively. Some coefficients in Eq. (1) could be
calculated based on empirical equations [11, 12].
In O0-xyz, the hydrodynamic pressure at position (x, y, z) can be expressed as:

Ap(x,y,z) = —pge*2&(t), )

where p is the density of seawater, g is the gravity constant, k is the wave number, £(t) is the
wave surface coordinate.

Based on the Froude-Krylov assumption, the interference force of heaving motion,
interference moments of rolling motion and pitching motion can be described as follows:

ol
-3
o ] 2o

Substituting Eq. (2) into Eq. (3), and the ship was simplified as a box structure, one has:
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( = sin(Law?)sin(Bbw? w?T
E, = _P9 (Lawp)sin( l){l- 1—exp (—?) -cos(w;(1 — 2vaw;)t — &;),

“ ab ¢ w}
i=1
pg < {sin(Law?)sin(w; (1 — 2vaw)t — &) w?T
” . o 1—exp|— g
M¢, — =1 ,
sin(Bbw?) Bcos(Bbw?) . )
. ( 2b7a? - o — 2gzpsin(Bbw;) 4)

i i
- sin(Bbw?)sin(w; (1 — 2vaw;)t — &;)

_cosy b_sin)(
= 29’ 29’

n
pg € w?T\\ [sin(Law?)
vy — H' 10)1 (1 —exp( fg ))( — ~~ — Leos(Law?) ’
L

where B, T, and L are breadth, draught, and length of the ship, respectively. v is the forward speed
in the x direction of the ship, z, is the vertical coordinate of the ship’s buoyancy center.

2.3. Dynamic equation of launch and recovery system

The homogeneous transformation matrix from 0-xyz to 0y-XyoZ iS:

T = T(x,y,zZ)R(x, p)R(y, 0)

[1 0 0 x][1 0 0 0][ cos®@ 0O sinf O
101 0 y||0 cos¢ —sing O 0 1 0 0
"o 0 1 z[|0 sing cosp Of|-sin@ 0 cosf 0
0 0 0 1flo o 0 1 0 0o 0 1 (5)
cosf sinfsing sinfcosp x
_ 0 cos® —sing y
" |-sin® cosBsing cosfcosp z|
0 0 0 1

Consequently, the hoisting point of the hoist boom B(xg, Vg, 2Zg) in Og-XgYeZ, can be
described as following:

cos® —sing y 0
—sinf cos@smgo cosfcosyp z L,gcosa

x — Lgycos0 + Lygcosacosf + Lygsinasinfcosg

y — LygSinasing
Z + Lo,sing — Lygcosasing + Lygsinacosfcose |
1

‘ Icose sinfsing sinfcosg x| [—Lps — Lypsina

The center of gravity of the seafloor drill G (x¢, ¥, z¢) is derived as following:
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—Isinycosé
[siné
ZG ZB —lcosy0056
X — LOACOSG + LABcosaCOSG + Lygsinasinfcos@ — Isinycosd
y — Lypsinasing + Isind

Z + Loysing — Lygcosasing + Lygsinacosfcosgp — lcosycoss |
1

)

where z, @, 8, y and § are the parameters depended on time, [ is the length of the umbilical cable,
a is assumed to be constant. By differentiating the position of the center of gravity of the seafloor
drill G (xg¢, yg, z;), the velocity is derived from Eq. (7):

[x+ Lo40sin@ — L,zOcosasing + L,p0sinacosfcosp — Lp@sinasinfsing |
X | —Isinycoss — lycosycosd + [8sinysind |
[}7@] = y — Lag@sinacose + Isind + l6cosd ®)
ZG 2+ Loa0cos8 — LygBcosacosd — LzOsinasinfcosg — L,p@sinacosfsing

—Icosycoss + lysinycosd + l§cosysind

The kinetic energy of the launch and recovery system can be obtained as follows:

T = %mmu(;‘cg +y2+2%) = %mdrm [#2 4+ 22 + 12 + 1262 + 12y cos?§
+6%(L2, + L3zcos?a + L3gsin?acos®g — 2L,oL,pcosa)
+ZX(LOA95in6 — LagBcosasing + L,z0sinacos@cosg — L,z@sinasinfsing + Cl)
+2y(isin6 + 18coss — LAB<psinac05(p)
+22'(L0A9cost9 — Lyp@cosacosd — L,pOsinasinfcosg — L,z @sinacosfsing + cz)
+201(L0A6?sin9 — Lag@cosasing + L,z0sinacosfcosgp — LAngsinasinGSinq))
+2¢, (LOA9c059 — LygBcosacosd — L,p@sinasinfcosp — LABq')sinacosBsin(p)
—2LosLag8¢sinasing + 2L%;60@sinacosasing
—2LAB¢sinac03(p(isin6 + lScos&) + 21i851n8c056],

¢, = —Isinycoss — lycosycosd + [8sinysins,

¢, = —lcosycosd + lysinycoss + l§cosysing,

€

where mg,.;;; is the mass of the seafloor drill.
The potential energy of the launch and recovery system is obtained:

U = mgring(z + Loysind — Lygcosasind—L,gsinacosfcose — lcosycosd). (10)
The Lagrangian function of the launch and recovery system can be expressed as:
L=T-U. (11)

The Lagrange equation is:

d(@L) oL 1
dt\ag,) adq, * (12)

where qy, g, and @, are general coordinates, general velocities and general forces of the launch
and recovery system, respectively.
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Substituting Eq. (11) into Eq. (12), one has:

MarinlZ + LoaBcosl — Ly,0%sinf — L,pHcosacoshd + L,z0%cosasing
—L,p0sinasinfcosg — L,z @sinacosfsing + 2L,z0@sinasinBsing

+L,p (q’)z - éz)sinacosecos<p — lcosycoss + 2lysinycoss + 2i8cosysind (13)
+ljsinycoss + L&cosysing + lcosycosd (72 + §2)—2lydsinysind — g| = £,

Marin [lz)'/'cosz6 + 2liycos?8 — 212y 8sindcoss — lcosycos5(5é + Loa0sind
+Loa02cos0 — Lyglcosasing — LyzH2cosacosd + L,z0sinacosfcose
—L,pdsinasinfsing — 2L,50 ¢psinacosfsing—L, (6% + ¢?)sinasinfcose) (14)

+lsinycosd(Z + g + Los0cos8 — Ly,0?sind — Lygfcosacosd + L,p02cosasing
—L,pBsinasinfcosg — L,z @sinacosfsing
+2L,p0¢sinasindsing+L,z(¢? — 62)sinacosbcosg)| = f,,

Mari[812 + 2181 + 12y?sindcoss + Isinysind (% + Ly ,0sind + Ly ,0%cosd
—L,pBcosasind — L,z0%cosacosd + Lyglsinacosdcosp — L,p@sinasindsing
—2L,50¢sinacosOsing—L,5(6% + ¢?)sinasinfcosy)
+lcosysin6(i + g+ LosBcos® — Ly,02sin@ — L,pfcosacosd (15)
+L,p0%cosasing — L,plsinasinfcosg — L,p@sinacosfsing
+2L,50 gsinasingsing+L,z(¢? — 62)sinacosfcosy)
+ylcosd — Lygl@sinacos@cosd+L,glg?sinasingcoss + izsin6c056] = fs.

The generalized force of the launch and recovery system is mainly the seawater resistance, it
can be expressed as:

fz p CZSZ|ZG|ZG
fr| = =5 | GeSxlxele |, (16)
fs CySylyelye

where p is the density of seawater. Cy, C,, and C, are resistance coefficients of the movement of
the seafloor drill in three directions, and Sy, S,, and S, are resistance surface areas of seafloor drill
in three directions, respectively.

2.4. The tension of umbilical cable
According to Newton’s second law, the movement of the seafloor drill can be expressed as:
X6

Marin IYG
Zg

1 1
Frsinycosé — EprleJ'cclJ'cG — Frsiné + EprSnyclyG
N ) , (17)
Frcosycosd + pgVarin — Maring — EPCz5z|Z'G |1Zg

where Fr is the tension of the umbilical cable, V;,.;;; is the volume of the seafloor drill.
Based on Eq. (17), the tension of the umbilical cable F; can be expressed as:

.o 1 e ) Lo 1 e )
Fr = (mdrill *Xg + EprlexGle) sinycosé — (mdrill Ve — EpcysylyG|YG> siné

18)
o1 . (
+ (mdrill “Zg t+ EpCzSz|ZG|ZG> cosycosd + (Maring — PGVarin)coSycoss.
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3. Dynamic random numerical simulation method
3.1. Random irregular wave model

The random irregular wave is assumed as a superposition of a series of linear waves [13-15].
The wave coordinate & (t)of the random irregular wave can be expressed as:

N
&) = Z (]-cos(k]-xcosx — kjysiny — w;t + sj), (19)
=1

where {;, w; and k; are the wave amplitude, frequency and wave number for wave component j,
respectively. ; is the random phase angle of the wave component j with uniform distribution
between 0 and 2m, y is the wave angle from the wave direction to the negative direction of the
axis x.

Wave spectrum S(wj) is statistic information of random irregular wave and the relationship
between wave amplitude {; and S(w;) can be written as:

¢y = [25(0y)00; = [25()) (@) = @y, 0)

Then Eq. (19) can be expressed as:

N
&) = Z /ZS(a)j)Aa)j cos(ijcosx — kjysiny — w;t + sj). €2y
j=1

Here, a Pierson-Moscowitz (P-M) wave spectrum is selected to describe the wave spectrum
[16]. The P-M wave spectrum is defined as:

5( ) 0.78 < -3.11 > 22)
w;) = exp )
! ] wfHiys

where H, /3 is the significant wave height.

Theoretically, the frequency range of P-M wave spectrum is from zero to infinity, but random
irregular wave is a stationary stochastic process that belongs to narrow-band spectrum, and its
energy mainly concentrated on a narrow frequency band. Therefore, during the numerical
simulation process of random irregular wave, the maximum and minimum frequencies wy,,x and
Wnin are chosen, and the frequency range from wpiy 10 Wpayx 18 discretized through adopting
uniformly space sampling. This method not only can guarantee enough accuracy of numerical
simulation, but also can significantly improve the efficiency of numerical simulation.

3.2. Significant wave height of random irregular wave

Different sea-states could be represented by different significant wave heights. For example,
the significant wave height of sea-state 4 is 2.1 m. In physical oceanography, the significant wave
height (illustrated in Fig. 2) is defined, traditionally, as the mean wave height of the highest third
of the waves. In Fig. 2, H; /3 is defined as the significant wave height.

For the continuous density function of the wave height, the significant wave height can be
expressed as:
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+o0o
Hy;s=3| hf(R)dh, (23)
o

where f(h) is the density function of wave height, i, is the dividing point, and h, satisfy the
following expression:

+0oo _ _ 1
fhydh =, (24)

ko

1)

.

i, i
Fig. 2. The definition of significant wave height

Firstly, based on computer-based simulation, an expected value of significant wave height
(H,/3) for a given sea-state is applied to generate a series of random irregular wave. Then, after
classifying and analyzing the wave height, the mean wave height of the highest third of the random

irregular wave (flil /3) for component i could be calculated. Theoretically, when the simulation

time t approaches infinity, the Ry will approach the given value of significant wave height

l1/3
(Hy/3). However, typically it will consume quite long simulation time. Therefore, in this paper,
we define a terminal condition to stop the numerical simulation:

Given a steady-state deviation A, when the deviation between the mean wave height of the
highest third of the random irregular wave and the given value of significant wave height (Hy /3)
is less than the given steady-state deviation A for 10 times continuously, the numerical simulation
will stop, and the corresponding wave coordinate is taken as the wave coordinate of the significant
wave height of the given sea-state. The terminal condition can be expressed as:

ii - H1/3| < A, |Ei+11/3 - H1/3| < A, sy |Ei+91/3 - H1/3 < A. (25)

i1/3
3.3. Dynamic random numerical simulation program

Step 1. Input an expected value of significant wave height (H; /3) for a given sea-state, and the
corresponding P-M wave spectrum.

Step 2. Divide the frequency range (Wmin-®Wmax) into N segments, and specify the wave
angle y.

Step 3. Initialize the random irregular wave, the dynamic equation of launch and recovery
system parameters and the simulation time t = 0.

Step 4. Calculate wave amplitude {;, wave frequency w;, random phase ¢ and wave
number k;.

Step 5. Apply {;, wj, &, k; and y to the wave coordinate Eq. (21) to generate wave coordinate.

Step 6. Calculate the dynamic responses of the ship (heaving motion z, rolling motion ¢ and
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pitching motion 8) from ship motion equations.

Step 7. Calculate the dynamic responses of the seafloor drill and the umbilical cable (in-plane
angle y, out-of-plane angle &, tension of the umbilical cable Fr, and heaving motion of the
seafloor drill Hy,;;;) from Egs. (13) to (18).

Step 8. Use rain-flow counting method [17-19] to analyze wave coordinate & (t) of the random
irregular wave, the dynamic responses of the ship, the seafloor drill and the umbilical cable;
calculate their statistical distribution and characteristic values.

Step 9. Extract the wave heights of the random irregular wave hy, hy, hs, ..., h; in descending

order; then, calculate the mean wave height fzil B of the highest third of them.

Step 10. Specify a steady-state deviation A as a terminal condition for the numerical
simulation, when the following conditions are reached, the numerical simulation will stop, and the
corresponding wave coordinate is taken as the wave coordinate of the significant wave height of
the given sea-state:

fl _H1/3| <A, hi+11/3 _H1/3| <A,..., |fli+91/3 _H1/3 <A

l1/3

Step 11. If the terminal condition is not satisfied, then t = t + At (At is the time step of
numerical simulation) will come back to Step 4 to continue generate the random irregular wave
until satisfy the simulation terminal condition.

Fig. 3 shows the flow chart of the dynamic random numerical simulation of the launch and
recovery system.

4. Random numerical simulation of the launch and recovery system
Based on the procedure discussed in the previous section, a calculation case of a scientific
research ship under sea-state 4 is demonstrated in this section. The simulation parameters of

launch and recovery system are given in Table 1.

Table 1. Simulation parameters

Parameters Values

Ship length (m) 733
Ship breadth (m) 10.2
Ship draught (m) 34
Ship mass (kg) 1200000
Loa (M) 35.5
Lyp (m) 6
Angle a (°) 135
Vertical coordinate z; (m) 0.62
Seafloor drill mass (kg) 8000
Seafloor drill volume (m?) 1.56
Resistance coefficient C, 1.67
Resistance coefficient C, 1.67
Resistance coefficient C, 1.67
Resistance surface areas S, 8.35
Resistance surface areas S, 8.5
Resistance surface areas S, 4.67
Density of water p (kg/m®) 1000

In the process of launch and recovery of the seafloor drill, the ship has been anchored, so we
let the forward speed v = 0.

5398 © JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. DEC 2016, VOL. 18, ISSUE 8. ISSN 1392-8716



2277. NUMERICAL SIMULATION OF DYNAMIC RESPONSE CHARACTERISTICS FOR LAUNCH AND RECOVERY SYSTEM UNDER RANDOM IRREGULAR
WAVE. YONGPING JIN, BUYAN WAN, DESHUN LIU, YOUDUO PENG, ZHIHUA CAL, JIANGHUI DONG

Input
Sea state and P-M wave spectrum

v

Divided the frequency range into N
segments, and given the wave angle y

Initialize the random irregular wave,
ship and dynamic equation of launch
& recovery system parameters; =0

Calculate amplittde {, frequency
;, randomnupmhz: Z and wave I]_+ M
Yes
No

Generate a series of wave coordinate from
equation (21)

!

| Differential equations of the ship motions

Calculate the dynamic response

Py of the ship z, ¢,
1] )

Dynamics model of launch
& recovery system

Calculate the dynamic response of
the seafloor drill and the umbilical
cable y, 9, Fr, Hyn

Using rain-flow counting method to
conduct the statistical analysis for
each response

!

Extract the wave height j,

and calculate the }?w

Given steady-state
deviation A

h

lisop T

<A,...,

Z.v, ’H\/j

Fig. 3. Flow chart of the dynamic random numerical simulation of the launch and recovery system
4.1. Random irregular wave generation

The significant wave height of sea-state 4 is specified to 2.1 m. The steady-state deviation A
is 0.001 m. The frequency range from Wiy t0 Wpayx is (0.3-3) rad/s. The wave direction y is 30°,
and N is 30. The time step of simulation is set to be At = 0.2 seconds. The convergence of the
wave heights of the random irregular wave to 2.1 m is shown in Fig. 4. The total simulation time
to achieve this is 35008 seconds.
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28
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Fig. 4. The convergence of the wave heights of the random irregular wave to 2.1 m

Fig. 5(a) shows a part of the wave coordinate of a random irregular wave. Based on the
rain-flow counting method, it can be seen that the wave coordinate of the random irregular wave
follows the normal distribution with mean g = 0.0078 and standard deviation ¢ = 0.847. The
probability density function of the wave coordinate is shown in Fig. 5(a).
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Fig. 5. The dynamic response of the wave coordinate

4.2. The dynamic response of the ship

Fig. 6(a) shows a part of the dynamic response of the ship heaving motion. Based on the
rain-flow counting method, it can be seen that the ship appeared an irregular heaving motion under
this random irregular wave. The ship heaving motion follows the normal distribution with
1 =0.00001 and ¢ = 0.3479. The probability density function of the ship heaving motion is
shown in Fig. 6(b).
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Fig. 6. The dynamic response of the ship heaving motion

Similarly, the dynamic response data of the ship rolling motion and the ship pitching motion
can be obtained by using the rain-flow counting method. The ship rolling motion also follows the
normal distribution with u = 0.0003 and o = 1.1245. The ship pitching motion follows the
normal distribution with 4 = 0.00009 and o = 0.0248.

Compared the dynamic response data of the ship rolling motion with that of the ship pitching
motion, it can be found that the standard deviation of the ship rolling motion is larger than the
standard deviation of the ship pitching motion, and this is due to the length of the ship is larger
than the width of the ship, which makes the pitching motion is more stable than the rolling motion.

4.3. The dynamic response of the seafloor drill and the umbilical cable

Figs. 7(a)-(d) show a part of the dynamic responses of the in-plane, out-of-plane pendulum
angle (y and &), the tension of the umbilical cable (F;), and the heaving motion of the seafloor
drill (Hgyiy;) for the seafloor drill at the depth of 10 m, respectively. Based on the rain-flow
counting method, it can be seen that the distribution of the angle y, the angle &, the F and the
H ;i for the seafloor drill at the depth of 10 m follow normal distributions with u = —-0.0149°
and o = 1.7117; u = 0.1792° and 0 = 8.3203; u = 672379 N, and ¢ =30115.8; u = 0.0980 m,
and o = 0.3674, respectively.

Figs. 8(a)-(d) show the probability density functions of the angle y, the angle §, the F; and the
H ;3,-i;; for the seafloor drill at the depth of 10 m, respectively.

4.4. The dynamic response of the seafloor drill and the umbilical cable under different water
depths

The mean values and the standard deviations of the angle y, the angle §, the Fr and the Hy,y
for the seafloor drill at the depth of 10 m, 100 m and 1000 m are listed in Table 2.

© JVE INTERNATIONAL LTD. JOURNAL OF VIBROENGINEERING. DEC 2016, VOL. 18, ISSUE 8. ISSN 1392-8716 5401



2277. NUMERICAL SIMULATION OF DYNAMIC RESPONSE CHARACTERISTICS FOR LAUNCH AND RECOVERY SYSTEM UNDER RANDOM IRREGULAR
WAVE. YONGPING JIN, BUYAN WAN, DESHUN LIU, YOUDUO PENG, ZHIHUA CAl, JIANGHUI DONG

3~

Angley (°)

3 . | . | h | . | . ]
0 200 400 600 800 1000
Time (s)
a) A part of the response curve of the pendulum angle y
8 —

Angle 5 (°)

8 I I I I |
0 200 400 600 800 1000

Time (s)

b) A part of the response curve of the pendulum angle §
160

Fr (kN)

40 . | . | . | . | . ]
0 200 400 600 800 1000
Time (s)
c) A part of the response curve of the tension of the umbilical cable
.
0.5 H
E
5 0
T
05 b
1 . | . | . | . | . ]
0 200 400 600 800 1000

Time (s)
d) A part of the response curve of the heaving motion of the seafloor drill
Fig. 7. A part of the dynamic response of the seafloor drill and the umbilical cable
for the seafloor drill at the depth of 10 meters
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Fig. 8. The probability density function of the of the seafloor drill and the umbilical cable
for the seafloor drill at the depth of 10 meter

Table 2. The dynamic response of the seafloor drill and the umbilical cable under different water depths

Water depth 10 m Water depth 100 m Water depth 1000 m
Mean | Standard deviation| Mean |Standard deviation| Mean | Standard deviation
Angle y (°)|-0.0149 1.7117 0.0097 0.1636 0.0005 0.0783
Angle § (°)| 0.1792 8.3203 -0.0807 3.1106 —-0.0079 0.2113
Fr (kN) |67237.9 30115.8 67266.1 30462.4 66865.2 31099.6
H gy (m) | 0.0980 0.3674 0.0886 0.3616 0.0055 0.3482

By comparing the mean values and the standard deviations of the angle y, the angle §, the Fr
and the Hy,;;; at the different depths, it could be concluded that the increase of the water depth
will decrease the amplitude of the angle y, the angle §. the change of water depth does not
significantly affect the variation of F and H,;;. Compared with the standard deviation of the
heaving motion of the ship, the standard deviation of the heaving motion of the seafloor drill is
more than times larger than it for the seafloor drill at water depth 10 meters, 100 meters and
1000 meters. 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.

Data collection: Deshun Liu, Youduo Peng. Data analysis: Buyan Wan, Deshun Liu, Youduo
Peng and Zhihua Cai. Data interpretation: Yongping Jin, Buyan Wan and Deshun Liu. Drafting
manuscript: Yongping Jin, Buyan Wan, Deshun Liu, Youduo Peng, Zhihua Cai, Jianghui Dong.
Revising manuscript: Yongping Jin and Jianghui Dong. All authors have read and approved the
final submitted manuscript.
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5. Conclusions

In the current study, a dynamic model that considers the influence of the seawater resistance
on the launch and recovery system of a seafloor drill is established. By applying a random irregular
wave as an external excitation, the random distribution characteristics of the dynamic responses
of the launch and recovery system are analyzed and calculated by using the rain-flow counting
method. This study shows that the ship appeared irregular heaving, rolling and pitching motion
under random irregular wave, and the ship heaving, rolling and pitching motions follow normal
distributions. The increase of the water depth will decrease the amplitude of the in-plane and the
out-of-plane pendulum angles. This method provides a new tool for evaluating the dynamic
response characteristics of the launch and recovery system of other seafloor equipment under
random irregular wave. Analysis results can provide theoretical guidance for the estimation of
heave compensation and the constant-tension control of the umbilical cable. In order to more
accurately analyze the dynamic response of the launch and recovery system, the elastic
deformation of the umbilical cable should be deeply considered and discussed in future study.
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