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Abstract. In this paper, through research and analysis of mooring system composition, advantages 
and disadvantages and single point mooring compared to the limitations of multi-point mooring 
system, etc. Mainly used the finite element model and combining with the method of integral control 
of the cable equation analysis to solve the system under the action of static and dynamic movement 
and stress distribution of the system. We carefully analyzed the influence of different conditions on 
the system, the impact of some of the smaller factors such as wave forces applied Morison formula 
are analyzed. For some in the actual operation of the larger impact on the system factors such as the 
weight of the chain, the material, the wear and tear, we design a new index system to analyze it, 
optimization of the whole system.  

Introduction 

According to the relative nearly shallow sea observation of some relevant data, to establish the 
mathematical model for the following research problem. Due to the influence of various factors such 
as tidal environment, considering the force of wind, current and depth of the mooring system design 
case, the study when the cloth off the measured depth between 16 m to 20 m. And water velocity of 
the cloth point maximum of 1.5 m/s, up to a maximum of 36 m/s wind speed. Analysis different Shi 
Gang barrel, steel Angle work best at what Angle, at this time the shape of the chain, buoys draft 
depth and the range of the swimming area. 

Table 1  Chain type and parameter list 

Model Length(mm) The quality of the unit length(kg/m) 

I 78 3.2 

II 105 7 

III 120 12.5 

IV 150 19.5 

V 180 28.12 

Problem analysis 
In considering, water power, wind power and the depth of the water circumstances, establish 

relevant mathematical model, design a new mooring system, under different conditions is analyzed 
on the steel drum, steel Angle; Chain shape, water depth of the buoy and swimming area. At the same 
time, analysis the influence of different conditions on the system and optimize the system. (cloth off 
the measured depth between 16 and 20 m. 

Model assumes  
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(1) No water resistance； 
(2)Regardless of the heavy ball hanging on the rope； 
(3)Assuming that the steel barrel and steel pipe joint for welding； 
(4)In this article 210 smg = and 14.3=π .  

Model establishment and solve 

Build a model . Environmental load of mooring system design mainly by wind, waves, temperature, 
such as tidal load caused by natural environment, has a great influence on the wind load, wave load 
and so on. The topic mainly aroused by the tidal water flow speed in the impact on the mooring 
system. Can according to the mooring system design environment conditions to calculate. Offshore 
water force can be calculated by approximate formula F = 0.625 x Sv2, including S for objects in the 
water flow velocity plane projection area (m2), v is the water velocity (m/S).In ocean engineering, 
when the object scale is relatively small, negligible effect on wave motion object, when D/L0.2 
artifacts (D is the characteristic length of the object), known as the small scale component, calculating 
the wave forces on the small scale component we Morison formula: (available: the density of sea 
water; damping coefficient and inertia coefficient; cable diameter; : micro period of midpoint water 
points of horizontal velocity; micro level acceleration period of midpoint water points; micro length) 

dzx
DCdzVVDCdF vMWXXdW

•

+=
42

1 2πρρ
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The study of the joint action of wave and flow is very complex, and can't separate studies, we check it 
on the website to study the following formula： 
The drag force vector： 

CCWDD VVVVDCF ++= )(
2
1 ρ

.                                                (2) 
Component： 
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CCWDyD VVDVCF += ϕρ sin
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Among them  
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Considering the effects of a current wave forces acting on the floating body formula： 
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dzVVDVCdF CCWDy += ϕρ sin
2
1

.                                        (6) 

（V ：wave speed； CV ：water flow speed；ϕ：flow and wave propagation direction Angle；
XV ：wave speed of water quality value） 

In the mooring system, the weight of the chain and materials had a great influence on the whole 
system. Synthesis of mooring line with steel cable, the structure of the mooring line is completely 
different. And the differential of the cable can be thought of as a circular helix. As a result, the spiral 
radius, pitch, the cable specification is one of the important parameters of the cable characteristics. 
For the cable damage on the influence of the mooring system, a model of damage evaluation index is 

given（ mε ：By the maximum deformation of the definition of an element； tε ：Damage before 

Advances in Engineering Research, volume 123

254



 

must transcend the distortion of the benchmark； bε ：A unit under the effect of one-way reaches 

maximum stress deformation； 1α / 1β ：Damage parameter）： 

11 β
ε
εεα

b

tmD −
= .                                                           (7) 

Discover the data of the experiment and the using of the internet. Polyester rope tension 
deformation and act on it is there is no linear relationship, and time characteristics. To this, we can 
based on polyester rope of young's modulus E and the experience formula of the density ratio（ ρ ：

Polyester rope density； mL ：the average tension； αL ：tension amplitude；τ ：incentive cycle；
σγβα /// ：The corresponding coefficient）： 

( )τσγβα
ρ α LogLLE

m −−+= .                                              (8) 

Solve the model 
Use the time domain analysis method to analyze three describes problems, in view of the dynamic 

analysis system, with time as the reference, the actual state of real reaction system balance equation at 
the same time. When the study area always, but through the Fourier transform and inverse 
transformation, to realize the frequency domain and time domain transformation. For chain control 
equation, we use the finite element method (fem) model method. Control equations of chain (finite 
element method)： 
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2)1/( ε+′′= TrrT , 
TIN −= . 

I is Unit matrix. M is Mass matrix.λ  is Effective tension. q is the external force matrix（All 
qualified external forces）. Chain on the flow of energy by Morrison equation： 

)()()(5.0))()(( rVNrVNICDraTCNCIAq ffDnfffMtMniff  −−++−++= ερερ
 

)()()(5.0 rVTrVTICD ffDtff  −−++ ερ
.                                      (11) 

fρ The density of water， iA Outside the chain of cross-sectional area， fD The diameter of the 

cable， fV Water flow rate， fa The flow acceleration， MnC ， MtC ， DnC ， DtC Method to the 
added mass coefficient, respectively，Tangential, added mass coefficient method to the drag force 
coefficient and the tangential drag force coefficient. 

)()()(5.0))(()( rVNrVNICDTCNCIIAgeAAq ffDnffMtMnifyiiff  −−++++++−= ερερρρ
 

)()()(5.0 rVTrVTICD ffDtff  −−++ ερ
.                                       (12) 

ye The unit vector along y direction， tρ The cable material density， tA Cross-sectional area of the 
chain。Cable shape above it no longer drawing, the rest of the data is as follows： 
When smvwind 36≤ ； smvwater 5.1≤ A combination of the above formula： 

h=0.83m, 4θ =1.889 , 3θ =1.999 , 2θ =2.094 , 1θ =2.956,α =2.214,s=685.85. 

h=0.82m, 4θ =2.348, 3θ =2.428, 2θ =2.514 , 1θ =2.624,α =2.715,s=841.6. 

h=0.80m , 4θ =3.210 , 3θ =3.025 , 2θ =3.1520, 1θ =3.154,α =3.248,s=915.2. 

h=0.75m , 4θ =3.754 , 3θ =3.845 , 2θ =3.846 , 1θ =3.9414,α =4.155,s=1028.55. 

h=0.72m  , 4θ =4.554 , 3θ =4.641 , 2θ =4.841, 1θ =4.8554,α =4.946,s=1124.5. 
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