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Abstract : According to the arrangement mode of ship anti-heeling airbag and the principle of

various connecting and fixing modes, the corresponding connection device is put forward, and the
force condition of the connection device is studied, and the strength of the connection device is
analyzed. The results show that the design of airbag connection device meets the requirements.
Provide further theoretical basis for anti-capsizing airbag

Introduction

The overturning events occur in the bad sea conditions, which seriously endangers the safety
of the life and property of the crew and passengers. The anti-heeling air bag used on the ship is a
kind of anti-heeling measure. Anti-heeling airbags and ships are mainly connected by connecting
devices. In order to realize the connection between the anti-heeling airbag and the ship, according to
the principle of various connection and fixation modes, this paper designs a kind of airbag
connection fixing device for the ship, and analyzes its strength..

The main components of anti-heeling airbag connection device include box, connecting rod,
air bag and connecting block. The three view of the device is shown in figure 1. The working
principle of the device is as follows. on both sides of the ship, at the front, middle and rear three
positions, respectively, the front, middle, and rear sides are symmetrically welded to several boxes
or several recessed boxes are arranged. A connecting rod is arranged inside the box, which passes
through the connection block and is fixed by the box at both ends. Usually the airbag is folded
inside the box body, and the airbag is inflated to open the lid of the box, and fixed by the connecting
block and connecting rod connected to itself, which can prevent the deviation of the airbag. Airbags
provide anti-tilting torque to ships through their own buoyancy!™. After work, separate the
inflatable line of the air bag for exhaust, then withdraw the airbag and close the cap of the airbag
box. The structure of the device is simple, easy to install and disassemble the airbag in the ship, and
the existing ship will not be changed grestly, so it is feasible.
calculation of static loadson airbags under different heeling conditions

Considering the complexity of the ship's movement and the irregularity of the shape of the
airbag, assuming that the ship is in still water, it is subjected to hydrostatic forces. The waterline
plane is a horizontal plane and neglects the trim effect caused by the asymmetry of the hull head
when the ship is tilting. That is not to consider the coupling effect between them the airbag can be
approximated as a cylinder analysis.

Copyright © 2018, the Authors. Published by Atlantis Press.

This is an open access article under the CC BY-NC license (http://creativecommons.org/licenses/by-nc/4.0/). 443



£

ATLANTIS Ad in Engi ing R h, vol 164
PRESS vances in Lngineering Researcn, volume
N T s
] d Bk clt
CH )

Fig lStandard‘three views di agram of Fig. 2 Ship steady heel state diagram
"ship-airbag" connection device

When the ship floats on the waterline WL, the ship is tilted under the action of external
disturbance torque, and only under the gtatic force, the angular velocity is considered to be zero.
According to static analysis and airbag force analysis, the moment of ship changes with the angle of
heeling. At the same time, the airbag provides the anti-dumping moment for the ship under the
action of its own buoyancy, neglects the airbag's own gravity, and finally reaches the equilibrium
state. The diagram of the ship's stable heeling state is shown in Fig. 2.

If the center of the airbag is a(xi,y1), the radius of the airbag is r, the angle of inclination is O,
and the length of the airbag is L, then the distance between the center line of the ship and the water
line O and the center of the airbag a is obtained.

dy =y +¥7) (1)

The angle between the intersection point o and the line where the airbag center ais located and
the waterline.
aaob:arctan%-F (2)

Distance from airbag center ato full load waterline

d, =d,sina,, (3)
Distance between airbag and waterline contact point ¢ to buoyancy line

dy =yr?- d; (4)
The angle of a straight line between ab and ac

t:arccosi (5)

r
Cross sectional area of single airbag entering water

1
A:1—80pr2t-d2d3 (6)
Finally, asingle airbag is subjected to the force of water.
1
F:ﬁ)Lrgprzt- d,d,Lrg (7)
The variation of the water force on the airbag is obtained by calculation and analysis, as shown
inFig. 3.
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Fig.3 The curve of the force acting on the airbag
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According to the four states of stable heeling 5°, 10°, 10°, 16°, 20°, the force of airbag is

calculated when the ship is heeling. The specific force values of the airbags under four inclination
angles are calculated, as shown in Table 1.
Tab.1 The force val ue acting on the airbag from different angles
heeling angle®/(°) 5 10 16 20
Single airbag force/ ( 10°N ) 0.1192 0.2951 0.5888 0.5888

Strength analysis of connecting device

Establishment of 3D M odel of Connector

In the device, the airbag is connected with the connecting block, and the connecting block is
mounted on the connecting rod of the ship, and the connecting rod is fixed on the side of the ship. n
size selection, by analyzing the specific parameters of the ship, the size of each part set in the air
bag working condition is as follows: the air bag length is L1=3000mm, the diameter is d1=500mm,
the thickness is c1=8mm. The length of the connection block is a=1000mm, the width is b=150mm,
and the thickness is c=80mm. The length of the connecting rod is 12=1120mm, and the diameter is
d2=50mm. The radius of the round corner of the airbag and the connecting block is 10 mm. A
three-dimensional model is built according to the size of the airbag and the connector, as shown in
figure 4.

000 500.00 1000.00 (rmm)

250,00 750.00

Fig 4 Three-dimensional model diagram of "ship-airbag" connecting device

As a fixed device, the connecting rod should bear the tension and bending moment of the
airbag due to the action of entering water, so it has more stringent requirements in determining the
material quality. Considering that the structural steel in engineering has good comprehensive
properties, such as strong impact resistance, high strength and easy processing, structural steel is
used as the connecting rod material. The airbag and the connecting block mainly take the gas in the
capsule as the working energy, and bear a relatively large impact at the moment of water. Its
working environment and properties require airbag materials to have the following properties: light
weight, low permeability, high tensile and tear strength, suitable stiffness, good aging resistance and
installation and processing properties?. According to the material of landing cushion airbag, the

material of fabric is selected.
Tab.2 Material parameter

Materid Density kg/mm?® modul us of elasticity/Pa Poisson'sratio  Application
Textile materid  8.7E-07 5E+08 0.2 Airbags and connectors
Structural steel 7.85E-06 2E+11 0.3 Connecting rod

Coupling device constraints and loads
Mesh the model and encrypt the mesh between airbag and connection block. The mesh
division is shown in figure 5. A fixed contact condition is used between the airbag and the
connecting block and between the connecting block and the connecting rod to ensure the connection
between them. The fixed support is applied to both ends of the connecting rod and the atmospheric
pressure is applied on the outer surface of the airbag and the 1.5 atmosphere pressure on the inner
surface of the air bag is applied to simulate the condition of filling the airbag.
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Fig. 5" Ship-airbag" connecting device Fig.6 Schematic diagram of the airbag force
meshing when heeling 5 °

Due to the change of the force direction and the volume of water entering the airbag under
different heeling angles, the force size, direction and action surface of the imported device model
need to be changed constantly. In this chapter, four stable states of 5 °10 °10 °/ 16 °/ 20 °are
analyzed respectively by finite element method®, in which the force of airbag at 5 °heeling is
schematic, as shown in figure 6.

Integral stressAnalysis of Connector

The stress distribution diagram of the device can be obtained by applying the force value of the
airbag to the corresponding water entry surface area of the air bag at different heeling angles, as
shown in fig. 7. It can be seen from the overall stress distribution diagram that the stress of the
airbag connecting device changes with the angle of heeling, but the overall stress value isrelatively
small, mainly concentrated on the connecting block and the connecting rod. The maximum stress
appears at the fixed end of the connecting rod.
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Fig.7 The overall stress diagram

In the process of ship heeling, the stress distribution of airbag connection is a problem that
needs to be paid attention to. According to the stress cloud diagram, the stress value of the airbag
connection device changes greatly when the angle of heel is small. When the heeling reaches 16 °,
the stress value of the airbag connection device changes very little. This is mainly caused by the
variation of the size of the airbag due to the different volume of air bag entering water. The
maximum stress of the device is 123.58 MPA, which appears at the two ends of the connecting rod.
This is because the position plays a fixed limiting role in the operation of the airbag, which bears
the tension and bending moment of the airbag due to the effect of entering water. The force is
transferred to the connecting rod through the connection block structure to limit the maximum stress.
The stress of the upper and lower parts of the joint is concentrated, the maximum value is
30.883MPa, which is due to the tension and bending moment generated by the load at the joint. The
results show that the yield strength of structural steel is 460MPa and the tensile strength of fabric
material is 200MPa, so the stress of airbag connection device is far less than the ultimate strength,
which conforms to the safety requirements. In practical application, some measures, such as
strengthening belt or thickening, can be used to protect the part with high stress.
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In addition, the peak value of the partial stress of the airbag and the connecting block changes
continuously with the angle. When the angle of heeling angle is small, the pesk stress is mainly
concentrated at the position where the joint is located at the bottom of the connecting block and the
airbag, which is because the airbag is just entering the water, and because of the force of water, it
tends to move upward along the side. At this time, the lower part of the connection block will be
pulled upward. Then the maximum stress will gradually move up with the increase of the heeling
angle. When the angle reaches 16 °, the peak value of the stress will appear at the position where
the upper part of the joint is connected with the airbag. This is because the inlet of the airbag is
changed by the force of the water, which is inclined to the hull gradually, and the upper part of the
connecting block is squeezed.

Conclusion

In this paper, the static load of the airbag in four stable states of 5 °,10 °,16 °, 20 °is obtained
by calculating the static load of the airbag under the condition of different heeling. According to the
strength analysis of the static load obtained, the strength of the airbag connection device is in
accordance with the operating conditions under four stable states. The peak value of the joint stress
between the airbag and the connecting block is obtained and the peak value of the stress varies with
the angle.
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