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Introduction

B Submarine pipelines are essential for offshore oil and gas field development, but they
face a high failure probability due to harsh marine conditions. Traditional repair
methods, such as sea-surface dry repair and underwater wet repair, are costly and labor-
intensive, with the latter often resulting in poor welding quality. To address these issues,
a dry repair method utilizing a dry cabin has been proposed.

B Fig. 1. shows the dry cabin. The cabin consists of a top-half cabin and two bottom-
quarter cabins. When the pipe has a bend angle, the arc section of the dry cabin is not
coaxial with the pipe (the pipe appears eccentric), resulting in uneven compression of
the seal strip in the arc section.

B Propose an adaptive seal between the dry cabin and the pipe, and the sealing
characteristics of airbags are mainly discussed.
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Fig. 1. (a) Diagram of the dry cabin; (b) schematic diagram of the sealing type of the dry cabin



Method

Use ABAQUS finite element software to study the effect of the physical characteristics
of an airbag on its sealing performance. Investigated the adaptive sealing mechanism
under time-varying gap conditions.

(1) Uniaxial tests were carried out to obtain the stress—strain constitutive model of a
silica gel airbag;

(2) ABAQUS was used to analyze the sealing and force characteristics of sealing airbags
with five kinds of cross-section shapes;

(3) Under the constant-gap working conditions, the influences of material hardness, wall
thickness, and inflation pressure on the deformation, mechanical, and sealing
characteristics of the airbag were studied;

(4) The sealing characteristics of the selected airbag were studied under time-varying
gap conditions, and the adaptive sealing mechanism of the airbag was evaluated,;

(5) A full-scale airbag pressure test was carried out to verify the rationality of the
simulation results.



Results and discussion

B [nfluence of cross-section on sealing performance

B The peak values of contact stress generated by airbags with different cross-sections are
significantly different. The contact surface at the top of the S2 and S4 airbags is not flat
and generates larger contact stresses. The airbags with other cross-sections had smaller
contact stresses due to the other cross-sections.

B The Mises stress of the airbag with S3 is small due to its regular shape and uniform
inflation. Therefore, the S3 airbag was selected as the sealing tool for the dry cabin.
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Results and discussion

B [nfluence of airbag hardness on sealing performance
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Results and discussion

B [nfluence of airbag wall thickness on sealing performance
B The larger the thickness of the airbag, the larger the cross-section area, and the smaller

the stress under the same air pressure, so the smaller the deformation degree; that is,

the smaller the Mises stress peak value.

The Mises stress peak value showed a more obvious increasing trend with the increase

of air pressure when the wall thickness of the airbag was small. The increasing trend

tended to be gentle and gradually closed with increasing airbag wall thickness.
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Results and discussion

B Influence of airbag wall thickness on sealing performance
B The maximum contact stress of the airbag is on both sides of the contact surface, which

Is different from the contact stress distribution of the O-ring.

B With increasing wall thickness, the deformation degree of the airbag decreases
continuously, and the overall Mises stress of the airbag shows a downward trend. With
regard to contact stress and Mises stress, the performance of airbags with large wall
thicknesses is better. However, the large wall thickness results in poor ductility of the
airbag, and the airbag not being able to expand to fill a larger gap. Thus, we selected
the airbag with a wall thickness of 2.0 mm.

15 S (MPa) 0,00 0.150.310.46 0.62 0.77 0.931.08 1.23 1.391.54 1.70 1.85
24.59 mm 23.35mm .
H < >

0.45
0.40
0.35
0.30

& 025

=

=020
0.15
0.10
0.05
0.00

[9%] -y
-
)

—
N

Expansion displacement (mm)
> =
O
Cx

/
]
L]
[

o 70 520 75
x (mm) 2 (mm)
(a) (©) (© (d)
Fig. 7. (a) Contact stress distribution of airbags with four wall Fig. 8. Mises stress distributions of
thicknesses; (b) expansion displacement of airbags with four airbags with four wall

kinds of wall thickness in the y direction at P, = 0.2 MPa thicknesses at P,= 0.4 MPa



Results and discussion

B Airbag sealing performance in different gaps
Because a curved pipe is eccentric relative to the arc section of the dry cabin, the
distance (seal gap) between the top surface of the airbag and the pipe will be different
In various circumferential positions. Use an airbag with a cross-section of S3, a
hardness of 60 HA, and a wall thickness of 2.0 mm.
The required inflation pressure increases as the gap widens. The increasing trend tends
to be flat with the widening of the gap. The Mises stress peak value increased along
with airbag expansion, and the trend was similar to that of air pressure. However, the
Mises stress of the airbag was less than 1 MPa.
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Results and discussion
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Conclusions

B Of five cross-section shapes, the rectangular cross-section resulted in the minimum
Mises stress under the premise of satisfying the seal, which can improve the safety of
alrbag operation.

B The peak contact stress of the airbag is close to the level of the air pressure, so the
hardness of the airbag has almost no effect on the peak contact stress. Airbag hardness

had a slight effect on the Mises stress.

B The contact stress generated by a thicker airbag is greater, so sealing performance
increases with wall thickness. Higher wall thickness decreases the deformation degree,
and the Mises stress shows a downward trend. However, higher wall thickness results
in poorer ductility of the airbag, and an inability to expand to fill larger gaps.

B Under time-varying gap conditions, as the gap widens, the required gas pressure also
increases. The Mises stress peak value increases with the airbag expansion, and the
trend is similar to that of the gas pressure. The simulated relationship between the gap
and the air pressure can guide the air-pressure control of an airbag during the actual
operation of a dry cabin.





