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Abstract: The basic configuration of a new type of subsea pipeline connector was proposed based on the 
press-fitting principle, and a parametric finite element model was created using APDL language in ANSYS. 
Combining the finite element model and optimization technology, the dimension optimization aiming at 
obtaining the minimum loading force and the optimum sealing performance was designed by the zero order 
optimization method. Experiments of the optimized connector were carried out. The results indicate that the 
optimum structural design significantly improved the indicators of the minimum loading force and sealing 
performance of the connector. 
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1 Introduction1 
A subsea oil pipeline is a piece of conveying equipment for 
offshore oil and gas exploration; its safety is important to the 
normal operation of offshore oil development systems. The 
main reasons for subsea pipeline failure include corrosion, 
wave flow scouring, mechanical damage or the third party 
activities, seabed movement, and freezing (Liu, 2011). Once 
the subsea oil pipeline has leakage, it will affect not only the 
offshore oil production, but also the users' normal production 
and life. Therefore, when oil pipeline failure occurs, pipeline 
restoration work must be implemented immediately to reduce 
the loss caused by the pipeline leakage.  
 
2 The structure design of a subsea pipeline 

connector  
2.1 Characteristics of press-fitting connection 
The press-fitting connection is a new technology for pipe 
connections. In this technology, the elastic and plastic 
deformation of the press-fitting connector will occur under an 
external force from the special loading device, so the gap 
between the connector and the pipe will be filled due to this 
deformation, which makes them connect tightly. The ends of 
the pipe do not need any treatment before this connection, so 
it can be applied to all kinds of pipes. It is simple and 
time-saving, no special skills are required, and no harm is 
done to the surroundings. 
 
2.2 Structure of the subsea pipeline coupling 
A pipeline repair connector was used to repair the spills of an 
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8 inch subsea pipeline of oil and gas; its structure is illustrated 
in Fig.1. The new connector consists of the middle part-one 
matrix and the outer part-two extrusion rings; the extrusion 
rings were moved to the middle part under the external 
mechanical loading, forcing the two pressure seal rings within 
the matrix at each end to tightly bite the pipeline surface to 
form the seal with the plastic deformations and complete the 
pipeline repairing function. The threaded section inside both 
ends of the matrix also produces radial contraction, which 
makes them mesh with the pipeline surface tightly, and 
prevents the pipeline from being plucked up; the threaded 
section has eight small open distributed chamfers that are 
good for radial contraction.  
 

 
Fig.1 Structure sketch of subsea pipeline coupling 

 
2.3 Connection method of the subsea pipeline coupling 
The connector is installed by a specific method with special 
tools. The specific method is as follows: the outer extrusion 
ring on the connector is loaded by an external loading 
machine, causing the connector matrix to produce contraction 
in the radial direction because of the gap between the outer 
extrusion ring and matrix, and then the distortion is produced 
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in the process of the contact between the ring and pipeline 
surface, and will be filled into the surface gap for sealing. 
 
3 Structure optimization of the pipeline 

repairing connector 
As for the pipeline connector, the satisfactory sealing 
performance is the most important area, but in fact, the greater 
the contact pressure, the greater the plastic deformation of the 
seal pressure ring (Xu, 2002). It is known from the seal 
design principle that the seal contact pressure should be 
greater than the critical contact pressure and have a certain 
flexibility and rigidity; these two rules are incompatible (Li 
and Liu, 2007). Therefore, in order to get the best sealing 
performance and the smallest loading pressure, the ideal 
structure size must be calculated iteratively by the finite 
element method combined with the optimization. 
 
3.1 The finite element model of the connector 
The finite element model is the premise of acquiring a high 
precision result and it also can promote the calculation 
efficiency (Yu and Gao, 2007). In establishing the finite 
element model of the connector, the following measures 
should be taken. 
 
The connectors and pipeline are both axisymmetric structures 
since the boundary conditions are axisymmetric around the 
centerline, so the 3-D model can be substituted for an 
axisymmetric model, which greatly improves the calculation 
efficiency and accuracy (Wang et al., 2002). In the finite 
element model of the connector, the threaded part and some 
model features are omitted, and the effect of the threaded 
section sustaining the axial force by meshing with the pipeline 
is simplified to the small radial displacement caused directly 
by the load. 
 
Since the friction between the matrix and the extrusion rings 
does not have a significant effect on the connection 
performance of the connector, the friction can be ignored in 
the optimization process. The finite element model of the 
connectors is shown in Fig.2. 
 

 
Fig. 2 Finite element model of the connectors 

3.2 Multiple objective structure optimization of the 
connector  

This paper focuses on the optimization of the connector 
structure size. A key size of the connector is chosen as the 
design variable to be optimized, and the optimal solution is 
acquired under some design constraints by iterative 
calculation to make the objective function approximate to the 
minimum of the design dimension. The zero order 
optimization can be used to deal with the optimization of a 
large scale and complex computation model, such as the 
optimization of the connector structure size (Xiaolan studio, 
2004).  
 
3.2.1 Structure size optimization based on the best sealing 

performance 
In this paper, the average contact pressure of the main 
pressure seal ring contact surface is chosen as the objective 
function. The objective function values always decrease 
during the optimization process (Wang et al., 2004), while the 
contact pressure is always expected to increase. So a larger 
number is chosen to subtract the average contact pressure, and 
the result is taken as the objective function. In order to ensure 
that the connectors maintain a good seal in a fluctuating 
vibration, temperature, and pressure environment, the contact 
pressure evenly distributed in the contact surface and smaller 
plastic deformation of pressure seal ring are both important 
indexes of the design, and these two parameters are taken as 
constraint variables in the optimization process. Design 
variables include the basic size of the connector's sealing parts, 
the interference between the extrusion ring and connector 
matrix, and the clearance between the connector and pipeline. 
A total of these eight independent design variables form an 
8-D design space. The mathematical model of structure 
optimization based on the best sealing performance is: 

Find   { }T
1 2, , n

nX x x x R= …… ∈  

 Min     ( ) 1000f X X=             (1) 

s.t.     ( )Min Maxig g x g≤ ≤   1,2, ,5i = L  

where, { }T
1 2, , , nX x x x= L , X are optimization design 

variables, which are respectively eight key connector structure 
sizes whose distribution is as shown in Fig.3. Objective 
function, ( )f X  represents the result where a larger number 
subtracts the mean contact pressure of the main pressure seal 
ring. Constraint variables, ( )ig x means variance of the 

maximal plastic deformation of extrusion rings and contact 
pressure of the contact surface, and the mean contact pressure 
of assisting sealing pressure ring interface, respectively. 
 

 
Fig.3 Schemes of design variables  
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The mean and variance of contact pressure are shown as 
Eqs.(2) and (3). 
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X  represents the mean contact pressure, 2S  means 
variance of contact pressure. Average contact pressure can be 
gained by calculating the mean value of the contact pressure 
of each contact element and the uniform distribution degree 
can be quantified by the variance of contact pressure of each 
contact element. The greater the variance, which shows that 
the contact pressure distribution is more discrete, the worse 
the uniformity is. With the combination of the finite element 
method and optimization techniques, after optimizing with the 
zero order optimization method, the convergence process of 
the objective function is shown in Fig.4.  
 

Fig.4 The convergence process of the objective function 
 

It can be seen in Fig.4 that with the increasing number of 
optimization iteration, optimal solutions appear in the 40th 
iteration of the optimization process, which means the 
objective function reaches the minimum value; that is to say, 
the average contact pressure of the pressure seal ring gains the 
maximum value under constraints. Fig.5 intuitively shows 
that the average contact pressure and uniform degree increase 
significantly after the optimization, and the average contact 
pressure increases from the initial design of 298.8 to 394 MPa, 
while variance drops from 39200 to 21806. 
 

 
   (a) Initial design    

 
(b) After optimization 

Fig.5 The optimization effect of the main pressure seal ring 
contact pressure  

 
3.2.2 Optimization design based on the minimum loading 

pressure 
After the structure size optimization based on the best sealing 
performance, the connector’s sealing performance shows 
obvious improvement. However, the largest loading pressure 
required is not significantly changed. Similar to the best 
sealing performance optimization design, the maximum load 
pressure can be reduced through the optimization of the 
connector size; the order flow files are written with APDL 
parameter design language, and optimization analysis is 
performed by the batch processing function. The design 
variables, the constraint variables, and the objective function 
are set according to the general procedure of optimization 
design. 
 

 
Fig.6 Schematic diagram of design variables 

 
 

 
Fig.7 Varying curve of the maximum loading force with the 

optimization frequency 
 
Three basic sizes are chosen including the extrusion ring 
angles 1θ ， 2θ  and the extrusion tangent offset distance 

1L  as the design variables, and the mean contact pressure 
and variance of the two sealing pressure rings and the 
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maximal plastic deformation as the constraint variables is 
selected. The maximum loading force is taken as the 
objective function in the loading process. Fig.7 is the 
varying curve of the optimization design objective function 
based on the minimum loading pressure leaving out the 
friction. With the increase of the optimization number, the 
maximum loading pressure concussion declines constantly, 
from the initial 617 260 N to 430 046 N, 30.3% lower. The 
optimization effect is very obvious. Due to the program 
convergence in the 19th optimization, the optimization 
process automatically exits. 
 
4 Experimental confirmation 
The experimental prototype has been manufactured according 
to the optimum structure size. The connector connecting the 
two parts of the experimental pipeline was loaded directly by 
the pressure test machine. The loading process is shown in 
Fig.8. Pipe inner pressure rose slowly by using a handy 
pressure pump after the connector was installed on the 
pipeline. The experimental results are shown in table 1. When 
the pipe inner pressure was increased to 10 MPa, the 
connector still had no sign of leakage and the pipeline showed 
no axial displacement, but the pipeline presented a severe 
bulge at the blind end, leading to leakage at the interface of 
the pipe and handy pressure pump because of serious 
deformation, as shown in Fig.8. To this extent, the experiment 
should be finished. The connector section is shown in Fig.9 
(the sealing material is omitted). 

 
Table1 Connector pressure experimental results 

Pressure 
/MPa 

Holding 
time/min Experimental result Comment 

4.5 30 

No leakage in the 
connector and no 
pipeline axial 
displacement 

7.25 30 

No leakage in the 
connector and no 
pipeline axial 
displacement 

10 − 

No leakage in the 
connector and no 
pipeline axial 
displacement. Bulge  
emerged at the 
pipeline blind end, 
leakage emerged at 
the interface 

Both pipe 
ends are 
free end 

 

 
As shown in Table 1, it is a successful experiment; the 
connector’s compression performance is much higher than the 
design performance, showing that the optimization process is 
effective. 
 

 

 
Fig.8 Experimental confirmation 

 

 
Fig.9 The connector section  

 
5 Conclusions 
Optimization design of the new type subsea connector 
structure was carried out by using finite element and 
optimization technology. It was proven that the indicators of 
the seal performance and the maximum loading pressure were 
improved after the optimization pressure experiment. 
 
1) The seal performance of the connector was clearly 
improved. The maximum bearing pressure was increased by 
40%.  
 
2) The loading experimental results show that the largest 
loading pressure dropped from 146t down to 108t. In the 
optimization process the friction between the connector and 
pipeline along with the common difference of the pipelines 
were both ignored; the optimization was effective. 
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The experimental results show that connector structure size 
optimization is an important means to improve the design 
efficiency and performance. 

References 
Li Yan, Liu Shaojun (2007). Dynamic analysis of deep-ocean 

mining pipe system by discrete element method. China Ocean 
Engineering, 21(1), 175-185. 

Liu Yong (2011). The research about subsea pipeline repair 
coupling. Master thesis, Harbin Engineering University, Harbin, 
8-14, 43-53.  

Wang Liquan, Wang Wenming, Wang Caidong (2009). Research 
on deep sea pipe flanges connection scheme. Natural Gas 
Industry, 29(10), 89-91. 

Wang Rui, Chen Haixia, Wang Guangfeng (2002). ANSYS finite 
element grid partition analysed. Journal of Tianjin Polytechnic 
University, 21(4), 8-11. 

Xu Zhilun (2002). Brief tutorial of elastic mechanics. Higher 
Education Press, Beijing, China, 78-95. 

Xiaolan studio (2004). The latest classic ANSYS and WorkBench 
tutorial. Electronic Industry Press, Beijing, 128-145. 

Yu Weiwei, Gao Bingjun (2007). ANSYS in the application of 
mechanical and chemical equipment. Water Conservancy and 
Hydropower Press, Beijing, China, 135-145.  

 
Xiaoming Hu senior engineer, has attended and 
presided over many scientific research projects and 
has a broad range of work experiences. 

 
Liquan Wang PhD advisor, and the director of the 
Underwater Operations Technology and Equipment 
Lab. He has presided over many scientific research 
projects and has many papers published in 
domestic magazine and journal. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 793.701]
>> setpagedevice


