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Abstract. Adams, Simulink, and analytics combined method is created to predict the hoisting 
operation of crane ships. The flexibility of the boom can be modelled in Adams with a mesh file 
created by Ansys APDL and 3D visualization can be fulfilled in Adams. With this method, the model 
of “Offshore Oil 201” is created and the effects of the environment and operation parameters are 
analyzed. The effect of the environmental interference is considerable, particularly the effect of the 
wave height. The effect of the pitch rate and rotational speed are both considerable, the pitch rate 
effects on the swing angle in XOZ plane more than that in YOZ plane, and the rotational speed effect 
more on the angle in YOZ plane. The sling length is also another point to be considered in operation. 
The results of the sea trail are compared with the simulation results, the error is less than 5%.  

1. Introduction 

Plentiful oil and gas reserves have been prospected in the deep ocean, which will be the main 
resource to be exploited in the future[1,2,3]. Advanced marine engineering equipments are required 
to make the exploitation efficient and safe. Crane ship has extensively been used to install offshore 
platforms and unload cargos[4]. Crane ship is a multi-degree of freedom and multi-body system. The 
motion of hoisting system is affected by the wave load, wind load and other forces[5,6], which make 
hoisting so hard and even cause the failure of the installation of offshore platforms and the damages 
of the cargo or ship. It is necessary to build the dynamics model of the crane and hoisting system in 
the environment of the waves and wind load to ensure an accurate and safe operation of the crane. The 
hoisting system transient response needs to be analyzed under external interference to reduce the 
swing of hanging objects as far as possible. The method of multi-rigid body dynamics are adopted by 
most scholars to study the crane ship with the assumption that the crane ship is rigid and the 
deformation of the boom and sling is negligible in the dynamic response of hoisting system[7,8]. 

The coupled motion of the crane and hoisting objects system was investigated, the swinging model 
of the hoisted object on the crane has been derived by Wang[9]. The swing model of the hoisted 
object in spheroidal coordinates was established to study the effects of the boom rotation and pitch 
rate on the motion of the hoisted object by Neupert[10]. The dynamic response of the hoisting system 
and its control method was studied by Qian[11]. In these studies, the actual calculation of the hoisting 
process is estimated by an safety factor and  the movements and forces cannot be obtain accurately 
under the given wave load, sea current load, wind load and ship motion[12]. 

The movement and dynamic response of the ship and hoisting system should be studied in order to 
create an accurate simulation system and method for the hoisting operation on the sea. At present, the 
dynamic rigid-flexible coupling model and virtual reality model are hot points to improve the 
accuracy of the hoisting system simulation[13]. 

current work is to create a Simulink, Adams and analytical module combined method to 
predict the motions and loads of the crane ship, hoisting system and hoisted object in various 
environmental interferences with regard of the flexibility of the boom. Based on the method a virtual 
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reality system is created, which can be used for the operation preview under various environmental 
inferences and object weights.  

2. Offshore Crane Ship and Hoisting Operation 

The target crane ship is Offshore Oil 201, which is the typical crane ship used in current marine 
engineering.  
2.1 Crane Ship and Operation Environment 

The crane ship can be used to hoist a large object, such as marine buildings, facilities and 
equipments, from one place to another on the sea, such as offshore platform installation and cargos 
unloading from an offshore platform or a ship. The crane ship is composed of the crane hull, cabin 
system, propellers and hoisting system. Hoisting system is composed of the hook, amplitude varying 
wire rope, boom, A-frame, lifting wire rope, turntable, control cabin, and Bob-weight as shown in Fig. 
1(a). The fixed hoisting capacity is 4,000 tons and the rotary hoisting capacity is 3,500 tons. 

 

Target 
platform 

Jacket

 

                                (a) Hoisting system                  (b) Target installation platform and jacket 

Fig. 1 Crane ship system 
The most challenging operation of the crane ship is that of the offshore platform installation. The 

offshore platform is usually up to several thousand tons, which will be hoisted and installed onto the 
jacket on the sea as shown in Fig. 1(b). The jacket is the space truss that supports the offshore 
platform. The jacket is pre-fixed on the seabed by steel piles and tension tendons. 
2.2 Control System Schematic 

The crane ship operation is composed of two parts: the ship operation of the ship motion and the 
hoisting operation. The crane ship control system schematic is shown in Fig. 2. 

 

Fig. 2 Control system schematic 
Ship movement input, Vi, is the hull displacement input. Gv(s), is the load transfer function of the 

hull under seawater damping force and the adjustment of the ballast water tank. Vo is the hull 
displacement in six degrees of freedom, [x,y,z,ξ1,ξ2,ξ3], including the swaying, surging, heaving, 
rolling, pitching and yawing. Fc is the sea current load, Ff is the wave load and Fw is the wind load. 
FR is the general reaction force, including force and torque, produced by the crane. αo is the crane 
rotation angle output and βo is the boom pitch angle output. Gc(s) is, the hoisting system load transfer 
function, including the crane, sling and hoisted object. αi is the crane rotation angle input and βi is the 
boom pitch angle input. 
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The output of the hoisting system includes the swing angle and position of the hoisted object, the 
sling tension and the general reaction force acting on the hull. Vo is the displacement of the hull in six 
degrees of freedom. 

3. Modelling 

The crane ship simulation system is composed of Adams module, Simulink module and analytical 
module and visualization is fulfilled in Adams. The following assumptions are adopted in this 
simulation: (a) The hull deformation is negligible and the motion of the hull is a forced vibration of a 
rigid body; (b) The boom of the crane is flexible and will introduce the vibration of an elastic body. 
The vibration happens in two orthotropic planes ; (c) The sling stiffness is nonlinear, which is 
positive in tension and zero in compression; (d)  The hoisted object (platform) is a cubic. 
3.1 Modelling of the Crane Ship Motion 

The hull located in global coordinate system is shown in Fig. 3. 

 

Fig. 3. The model of the ship 
As shown in Fig. 3, {n} is the inertial frame of the global coordinate system[14]; {b}is the ship 

coordinate system with the origin of CO(Ob); CG is the hull centre of gravity. 
In {n} the following relation is applicable: 

/n /ng b g 
  
r r r ,                                                            (1) 

Where g


r  is the displacement vector from the point CO to the point CG, /b nr


, /g nr


 are  the 
position vectors of the point CO and point CG in {n}. 

In {b} the position of the hull gravity centre is: 

/n /n[ , , ]b T
g bg G G Gr x y z r r  
 

 .                                           (2) 

Force equation is[15]:  
( )RB RB RBv v v M C  ,                                                  (3) 

Where MRB is the mass matrix; v=[u, κ, w, p, q, r]T is the general velocity and general angular 
velocity; τRB=[X, Y, Z, K, M, N] is the general force and general moment; CRB is the Coriolis 
centripetal force matrix. 

Hydrodynamics is also necessary to be involved in the hull modelling [16,17]. When the 
hydrodynamic added mass and hydrodynamic damping are involved in, the model of the ship can be 
rewritten as: 

( ) ( ) ( )RB RB A r A r r r r wind wave current controlv v v v v v v v        M C M C D     ,            (4) 

Where, MAv
•

r+CA(vr)vr is the hydrodynamic force, MA is the hydrodynamic added mass matrix, 
CA is the Coriolis centripetal force matrix caused by the hydrodynamic added mass, D(vr)vr is the 
hydrodynamic damping force, D(vr) is the hydrodynamic damping matrix, vr is the relative velocity 
between hull and sea water. τwind is the wind load, τwave is the wave load, τcurent is the current load, 
τcontrol is the general control force. 

Mass matrix of the ship, including the hydrodynamic added mass, is: 
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Where M is the sum of the ship mass and added mass, Iij(i=j) are the inertia moments around the 
Obx axis, Oby axis and Obz axis, Iij(i≠j) are the inertia products on the Obxy plane, Obyz plane and 
Obzx plane. 

The coordinates, XGC, YGC and ZGC in {b} are: 

 
GC G cal

GC G cal

GC G cal

X X X

Y Y Y

Z Z Z

 

 

 
,                                                                    (6) 

Where XG, YG and ZG are the position coordinates of the hull gravity centrein {b}, Xcal, Ycal 
and Zcal are the position coordinates of the calculated points in coordinate system {b}. 

The mass matrix MRB can be expressed in the following form: 

11 12

22 22

0T
RB RB

 
   

 

M M
M M

M M
.                                                      (7) 

Thus the Coriolis centripetal force matrix is: 
3 3 11 1 12 2

11 1 12 2 21 1 22 2

0 M
( )

M MRB

M v v
C v

M v v M v v
   

      
,                                            (8) 

where v1=[u, κ, w]T is the line velocity vector, v2=[p, q, r]T is the angular velocity vector. 
3.2 Modelling of Environmental Interference 
3.2.1 Wave Force Modelling 

Based on the two-parameter spectrum recommended by International Towing Tank Conference 
and International Ship Structure Congress [18], the wave force can be defined as: 

2
1/3

4 5 4 4
1 1

173 691
( ) exp

H
S

T T


 
 

  
 

,                                                  (9) 

Where H1/3 is one third of the righteous wave, ω is the angular frequency, T1 is the spectral 
central period, which is around the visual mean period and can also be expressed by the peak period, 
T0, in the wave spectrum, and the relation is T0=1.2965T1. 

The mathematical expression of the random irregular wavefront elevation function with regard of 
the random initial phase can be written as[19]: 

,
1 1

( , , ) cos( cos sin )
n m

i j i j i j i
i j

x y t A k x k y t    
 

    ,                               (10) 

Where A is the amplitude; k is the wave number; φ is the initial phase angle; θ is the wave direction 
angle; t is the time; x and y are the wave position coordinates in the inertial frame. 

Ship motion or load in wave can be calculated from the wave spectrum and response amplitude 
operator(RAO Curve). RAO is a concept of engineering statistics, which is the transfer function from 
the wave excitation to the hull movement[20]. The RAO curve is obtained in the towing tank 
experiment. 

In current work, the wave load can be expressed as: 
( , , ) ( , , )wave waveF H U x y t     ,                                         (11) 

Where H (ω,θ,U) is RAO Curve, ω is the wave angular frequency, θ is the direction angle, U is the 
relative velocity between the wave and the hull and ζ(x, y, t) is the wavefront elevation function. 
3.2.2 Wind Load Modelling 

The wind load can be calculated according to the empirical formula or wind tunnel experiment. 
The wind tunnel experiment is more specific and accurate. In current work the wind load is calculated 
according to the wind tunnel experimental results[21]. The expressions of the force and moment 
acting on the hull can be expressed as: 
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Where, air density, ρa, is 1.204 kg/m3, UR is the relative wind speed, LOA is the hull length, Af 
and As are the front projection area and side projection area of the hull above the water, Cwx(αR), 
Cwy(αR) and Cwn(αR) are the wind pressure coefficients obtained  in wind tunnel experiments and 
the relative hull height is HLM=As/LOA. 
3.2.3 Current Load Modeling 

The ocean current produced force and moment acting on the hull can be expressed as[22]: 
2

2

2
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 
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

 




,                                              (13) 

Where, ρ is the density of sea-water, UC is relative current rate, Acf and Acs are the front projection 
area and side projection area of ship hull underwater, Ccx(β), Ccy(β) and Ccn(β) are current moment 
coefficients obtained in towing tank experiments, β is the ocean current angle in ship coordinate 
system, which is 0 if the current is along the X direction and clockwise is positive, the range is 
[0ο,360ο). 
3.3 Adams Module and Visualization 

The ship geometry should be simplified in advance to improve the simulation efficiency without 
considerable errors introduced. The hull, crane turntable and boom have been simplified and keep the 
overall dimensions unchanged, as well as the original mass, effective moment of inertia and other 
effective parameters. The prototype geometric model is created in Solidworks, as shown in Fig. 4(a). 

  

         (a) Geometric model of the crane ship                       (b) Mesh of the boom  

Fig. 4 Modelling and flexible of crane ship 
The hoisting system is composed of the flexible boom and sling. The boom is meshed in Ansys 

APDL and import the MNF file into Adams. The mesh of the boom is shown in Fig. 4(b). 
The stiffness of the wire rope is nonlinear when the boom vibrates. It will not only increase the 

computational load, but also make the simulation does not converge well. It is necessary to linearize 
the sling stiffness in the current work. The nonlinear stiffness of the wire rope is shown in Fig. 5 and 
the wire rope can be treated as approximately quasi-linearized according to the nonlinear vibration 
theory. 

 

Fig. 5 Spring stiffness linearization of the wire rope 
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Suppose the displacement is: 

1 cosx a  .                                                                 (14) 

Elastic restoring coefficient, Fs, is: 
0 0( 0)

( cos )
cos 0 (0 )s

l

a x
F a

K a x a

 


  
     

     
.                                            (15) 

Equivalent linear restoring force is: 
2

0

1
( ) ( cos )cos

2
l

s

K
P a F a d a


  


   ,                                               (16) 

Where Kl is the slope of the elastic restoring coefficient.  
The linear equivalent stiffness of the wire ropes can be expressed as: 

0 0

1 5 1.25

2 2R

EA EA
K

l l
   ,                                                       (17) 

Where, E and A are the elastic modulus and cross sectional area of the wire rope.  
The wire rope can be idealized as the spring border of the boom with a stiffness of KR. 
Adams virtual prototype is shown in Fig. 6(a). The six DOFs, x, y, z, 1, 2 and 3 , of the crane ship 

are swaying, surging, heaving, rolling, pitching and yawing. 

   

                        (a) Virtual prototype in Adams                           (b) Simulink module 

Fig. 6 Virtual prototype model of crane ship 
In the current work the analytical module will cooperate with Matlab and Adams modules to 

simulate the dynamic response of the crane ship. Within the Adams module the variables, which can 
be obtained, are: sling tension, location and angle of the hoisted object, and the reaction force and 
torque produced by the hoisting system acting on the hull. 

The control model is created in Simulink including eight PID controllers as shown in Fig. 6(b) as 
well as feedbacks from Adams module and analytical module and the output will communicate with 
Adams module and analytical module. The Analytical module has twelve inputs and six outputs in 
total. The twelve inputs include six reaction forces and moments produced by the hoisting system, 
and the six hull control forces and torques, which compose τcontrol in the analytical model. The six 
outputs are the displacements of the ship in the six degrees of freedom. Six controllers are designed to 
control the ship control force in six degrees of freedom and the other two are used to control the 
turntable and the pitch movement of the boom. 

4. Simulation and Analysis 

Based on the above simulation system case studies will be carried out and analyzed in this section. 
4.1 Effects of the Environmental Interference 

In the ocean environment, wave and current is associated with each other. In this article the current 
and wave are supposed to be independent to understand their effects on the hull movement. Three 
environment settings are investigated. The setting 1 with a wave height of 2 m and a current velocity 
of 0.31 m/s is listed in Table 1. The setting 2 with a wave height of 4 m and the current velocity of 
0.31 m/s. The setting 3 with a wave height of 2 m and the current velocity of 0.62 m/s listed. The 
supposed weight of the hoisted platform is 2400 tons. 
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Table 1. Environment Settings 
Parameters Wind Velocity Current Velocity Wave Height Wave Direction Peak period
Setting 1 10 m/s 0.31 m/s 2 m 90° 10 s 
Setting 1 10 m/s 0.31 m/s 2 m 90° 10 s 
Setting 1 10 m/s 0.31 m/s 2 m 90° 10 s 

The instruction sequence is shown in Fig.7. The red line represents the hook height from the sea 
level, the blue dotted line is the rotation angle of the turntable. The total simulation time of the 
hoisting operation is the 660seconds. The platform is hoisted at from 250th seconds and put down 
from 650th seconds. The hoisted object has ten seconds loading time (hook on) before hoisted and 
unloading time (hook off) after put down. The way of the hoisting is tail-suspension.  

 

Fig. 7 The instruction sequence diagram 
4.1.1 Effects on the Ship Movement 

The origin, O, of the hoisting coordinate system is located at the endpoint of the boom.  The Z axis 
points upward. The X axis is defined within the plane composed by Z axis and the line from the boom 
root to the boom top and pointing to the boom top. The Y axis is perpendicular to the plane composed 
by X axis and Z axis with its direction according to the right-hand rule. The swing angle, Phi, is the 
angle between the sling and its projection in the XOZ plane. The swing angle, Theta, is the angle 
between the projection of the sling in the XOZ plane and the Z axis. 

The time responses of the ship's displacements under three environment settings are shown in Fig. 
8, Fig. 9 and Fig. 10. 
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(a) Ship displacement curve                                   (b) Ship posture curve 

Fig. 8 Ship six degrees of freedom under setting 1 
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(a) Ship displacement curve                            (b) Ship posture curve 

Fig. 9 Ship six degrees of freedom under setting 2 
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(a) Ship displacement curve                           (b) Ship posture curve 

Fig. 10 Ship six degrees of freedom under setting3 
As shown in Fig. 8(a) and Fig. 9(a) the heaving amplitude of the crane ship increases 

significantly from the 250th second when the platform is hoisted. This is because the reaction force 
from hoisting system on the hull. The maximum amplitude of the ship heaving is about 1.2 meters 
under environment setting 1 with a wave height of 2 m, and it increases to 3.8 meters under 
environment setting 2 with a wave height of 4 m, which is 3.17 times of the setting 1. The ship 
swaying increases by 0.25 m and the surging remains unchanged when the wave height is doubled 
and the influence of the hoisted object mass on the ship swaying is not considerable. The ship yawing 
amplitude increases from 1.4° to 3.8°,the pitching amplitude increases from 0.7° to 2°, and the rolling 
amplitude from 0.2° to 0.3°when the waves height changes from 2 m to 4 m. 

The current velocity effects can be seen to compare Fig. 8 with Fig. 9. The maximum amplitude of 
the ship heaving increases from 1.2 m sunder environment setting 1 to 3.0 m under environment 
setting 2, which is 2.5 times of the setting 1. The ship swaying increases from 0.3 meters to 0.5 meters 
and the surging remains unchanged when the current velocity increases from 0.31 m/s to 0.62 m/s, the 
influence of the hoisted object mass on the ship swaying is not considerable. The ship yawing 
amplitude increases from 1.4°to 1.8°, the pitching amplitude increases from 0.7°to 1.25°, and the 
rolling amplitude has not be changed approximately when the current velocity  changes from 0.31 m/s 
to 0.62 m/s. 
4.1.2 Effects on the Hoisting System 

In this simulation, the swing angles and sling tensions under various environment settings are 
analyzed. The time response of the swing angles and tension of the sling are shown in Fig. 11. 

Advances in Engineering Research, volume 149

797



 

   

         (a) Time response of the angle Phi                       (b) Time response of the angle Theta 

 

(c) Time response of the sling tension 

Fig. 11 Dynamic response of hanging system 
The swing angles of the hoisting system are 3.3º and 2º under environment setting 1. The 

amplitude of angle Phi increases by 1.85 and 1.6 times in setting 2 and setting 3 respectively. The 
amplitude of angle Theta increases by 1.69 and 1.48 times in setting 2 and setting 3 respectively. The 
effect of the wave height is more considerable than the current velocity. 

As shown in Fig.11(c), the maximum amplitude of sling tension is 2.7×107N, about 1.125 times 
of the platform gravity in setting 1.The maximum amplitudes of sling tension are 2.95×107N and 
2.85×107N in setting 2 and setting 3, which are 1.093 times and 1.056 times of the setting 1 
respectively. 
4.2 Effects of the System Parameters on the Swing Angle and Sling Tension 

The parameters of the hoisting system include the pitch rate, rotational speed and sling length.  
4.2.1 Pitch Rate Effect 

The initial rotational angle is 0° and the crane turntable rotates to 180° before the platform being 
hoisted. There are ten seconds loading time before the platform is lifted up and then the hoisted object 
(platform) is lifted up by 5 meters. Then the absolute pitch rates are 0.002 rad/s and 0.004 rad/s 
respectively to understand the effects of the pitch rate on the swing angles and sling tension. 

The time response of the swing angles and sling tension are shown in Fig. 12. 

 

 (a) Swing angle under different pitch rate                     (b) Tension of sling under different pitch rate 

Fig. 12 Dynamic response of hanging system 

Advances in Engineering Research, volume 149

798



 

As shown in Fig. 12(a), the maximum amplitude of the Phi angle increases from 2.5° to 3.4° and 
the angle Theta increases from 2.8° to 5°whenthe boom pitch rate changes from 0.002 rad/s to 0.004 
rad/s. The influence of the pitch rate on angle Theta is more considerable than Phi. Actually in the 
hoisting operations, when the hoisted object is close to the hull, the crane operator should pay extra 
attention to avoid the hoisted object to run into the hull by adjusting the pitch rate. 

The sling tension is produced by the weight of the hook only before the platform being hoisted, the 
main hook weights 90 tons. As shown in Fig. 12(b), the maximum amplitude of the sling tension 
increases from 2.625×107 N to 2.8×107 N when boom pitch rate is doubled. 
4.2.2 Rotation Speed Effect 

The pitch rate keeps zero after the hoisted object is lifted up and then the absolute rotational speed 
keeps 0.01 rad/s and 0.02 rad/s respectively to compare the swing angles and sling tensions to 
understand the effects of the rotational speed. The time response of the swing angle and the sling 
tension under the two crane rotational speeds are shown in Fig. 13. 

 

(a) Swing angle under the given rotation speeds            (b) Tension of sling under different rotation rate 

Fig. 13 Time response of the swing angle and the sling tension 
It can be seen in Fig. 13(a) that the amplitude of Theta increases from 6° to 7.5° and that of Phi 

increases from 5.5° to 10° when the rotational speed increases from 0.01 rad/s to 0.02 rad/s. The 
influence of the rotational speed on Phi is more considerable than that on Theta. 

Fig. 13(b) shows that the tension of the sling increases from 2.7×107 N to 2.9×107 N when the 
rotational speed of crane is doubled. 
4.2.3 Sling Length Effect 

In this simulation, the sling lengths are 60 m and 30 m respectively to compare the time responses 
of the swing angle and sling tension to understand the effects of the sling length. The distances from 
top of the platform to sea level are 50 meter and 85 meter respectively which are arranged in advance. 
The time responses of the swing angle and the tension with the sling lengths of 30 m and 60 m 
respectively are shown in Fig. 14. 

 

(a) Swing angle under different sling length                        (b) Tension under different sling length 

Fig. 14 The time responses of the swing angle and the tension 
When the length of sling is reduced from 60 m to 30 m, the amplitude of angle Theta increases 

from 3.2° to 5.9° around 1.84 times and Phi angle amplitude increases from 2.4° to 3.0° only around 
1.25 times, and the tension of the sling increases slightly from 2.6×107 N to 2.75×107 N.  
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5. Sea-Trial and Verification 

To verify the accuracy of the simulation, the sea-trial of the hoisting system has been carried out 
on July 2015 in the south sea of China. The process data of the hoisting operation and installation of 
the platform have been recorded. The key parameters of the sea trail are listed in Table 2. 

Table 2. Parameters of Sea Trial 
Parameters Platform mass Wave height Current velocity Wave direction

Value 2372.94 tons 2 m 0.31 m/s 90° 

In the actual hoisting process, because the command and personnel scheduling process is rather 
slow, the lifting time tends to last a few days. The full data throughout the hoisting process are too 
hard to be recorded. The selected continuous data section of one hour after the platform had been 
hoisted are recorded and compared with the results of the hoisting simulation system. The sea trial 
data is shown in Fig 15. 

S
hi

p 
pi

tc
hi

ng
/ d

eg
S

hi
p 

ya
w

in
g/

 d
eg

 

3.4 3.5 3.6 3.7 3.8 3.9 4.0

x 104

-0.8

-0.4

0

0.4

0.8

1.2 

Time/s

 

3.4 3.5 3.6 3.7 3.8 3.9 4.0
-2

-1

0

1

2

Time/s x 104

(c)

(d)

 

3.45 3.5 3.55 3.6 3.65 3.7 3.75 3.8

-2

-1

0

1

Time/s x 104

2

 

3.45 3.5 3.55 3.6 3.65 3.7 3.75 3.8

-3

-1.5

0

1.5

3

Time/s x 104

 

Fig 15. The data of the crane ship and the hoisting object. (a) Ship pitching time response,  (b) Ship 
yawing time response,  (c) Angle Phi Time response, (d) Angle Theta Time response 

The sea trial data recorded in Fig 15 are compared with the results of the hoisting simulation of Fig 
8 (b) and Fig 11 (a) and (b), as listed in the table 3. 

Table 3. Results comparison of simulation system and sea trial 
Parameter Simulation / rad Sea trial / rad error Relative error 

Ship pitching -0.8~0.7 -0.7~0.84 0.04 4.7% 
Ship yawing -1.48~1.35 -1.55~1.3 0.07 4.5% 

Angle Phi -2~2 -1.9~1.9 0.1 5.2% 
Angle Theta -1.5~3.3 -3.1~3.5 0.2 5.7% 

According to the comparison of ship pitching, yawing, angle Phi and Theta between the simulation 
and the sea trial, the relative error is less than 6%. This error is acceptable for the hoisting visual 
simulation and the hoisting simulation system has been approved by the Offshore Oil Engineering 
Co., Ltd. 

6. Summary 

Adams, Simulink and analytics combined method can be used to predict the motion of the crane 
ship, the swinging of the hoisted object and the tension of the sling in various settings of the offshore 
environment. With this method the “Offshore Oil 201” is modeled and analyzed in various offshore 
environments. On the base of the simulations and analysis, the following conclusions can be drawn: 

(1) The effect of the environmental interference is considerable, particularly the effect of the wave 
height. The wave height increasing from 2m to 4m will increases the ship heaving by 3.17 times, the 
ship yawing by 2.7 times, the pitching by 2.6 times and the rolling by 1.5 times. Meanwhile, the 
swing angles,  Phi and Theta, are increased by 1.85 and 1.69 times respectively and the sling tension 
is increased by 9.3%. The current velocity increasing from 0.31 m/s to 0.62 m/s will increase the ship 
heaving by 2.5 times, the ship swaying by 1.7 times, the ship yawing by 1.3 times, and the pitching by 
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1.9 times and the swing angles, Phi and Theta, are increased by 1.6 times and 1.48 times respectively 
and the sling tension is increased by 5.6%. 

(2) The effects of the pitch rate and rotational speed are both considerable. The pitch rate 
increasing from 0.002 rad/s to 0.004 rad/s will increase the swing angles, Phi and Theta, by 1.36 
times and 1.79 times and the sling tension by 6.7 %. The rotation speed increasing from 0.01 rad/s to 
0.02rad/s will increase the swing angles, Phi and Theta, by 1.25 times and 1.82 times, and the sling 
tension by 7.4 %. The Pitch rate effects on the angle Theta, which is in the XOZ plane, more than the 
angle Phi, which is in YOZ plane; on the contrary, the rotation speed effects on the angle Phi more 
than the angle Thera. 

(3)The length of the sling is another point to be considered in advance. Reducing the sling length 
from 60m to 30m will increase the swing angles, Phi and Theta, by 1.25 times and 1.84 times 
respectively and the sling tension by 6.7% . 

The simulation of hoisting parameters is of great significance to study the movement law of 
offshore hoisting operations. The simulation also provides the basis for the development of actual 
hoisting construction plan to improve the safety of the hoisting operation. 
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