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Abstract. The article describes possible solutions of the problem connected with shortening 

shipbuilding construction time as well as reducing production costs. To reduce the total amount  

of labour involved in the manufacture and installation of ship piping systems, which is 20% com-

pared to the total labour volume of shipbuilding, authors provide the research on the possibility  

of manufacturing straight pipe sections with permissible deviations in combination with free flang-

es, analysis of deviation compensation for pipelines through the use of straight pipe sections manu-

factured with permissible tolerance and proposing new theoretical solutions to improve manufac-

turing and installing ship piping systems. Introduction of these technologies contributes to reduc-

tion of cycles of building and decrease in labour-intensiveness of pipeline works when carrying out 

marine orders. The chart of modeling the system of pipelines is presented. A straight pipe manufac-

tured with an allowable deflection on a flat support and a loose flange attached to the end of the 

welded pipe are shown. The scheme of a permissible deviation α at mounting the connections be-

tween pipes is considered. The possibility of assembling curved pipelines using straight pipe sec-

tions is described in detail. The compensation zone is illustrated using the rotation of two pairs  

of deflected straight pipes. A block diagram of the application of research results in manufacturing 

and mounting a pipeline system has been developed. 
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Аннотация. Рассматриваются возможные пути сокращения сроков строительства в судо-
строении, а также снижения производственных затрат. Для снижения общего количества 
трудозатрат при изготовлении и монтаже судовых трубопроводных систем (что составляет 
20 % от общего объема судостроительных работ) исследованы возможности изготовления 
прямых участков труб с допустимыми отклонениями со свободными фланцами, проанализи-
рованы компенсации отклонений трубопроводов за счет использования прямых участков 
труб, изготовленных с регламентируемым допуском, и представлены новые теоретические 
решения для улучшения производства и монтажа судовых трубопроводных систем. Внедре-
ние этих технологий способствует сокращению сроков строительства и снижению трудоем-
кости трубопроводных работ при выполнении заказов. Представлена схема моделирования 
системы трубопроводов. Показаны прямая труба, выполненная с допустимым смещением на 
плоской опоре; свободный фланец, прикрепленный к концу сварной трубы. Рассматривается 
схема допустимого отклонения α при монтаже соединений между трубами. Подробно опи-
сана возможность сборки изогнутых трубопроводов с использованием прямых участков 
труб. Продемонстрирована зона компенсации при использовании вращения двух пар откло-
ненных прямых труб. Разработана блок-схема применения результатов исследований в про-
цессе изготовления и монтажа трубопроводной системы. 

Ключевые слова: трубопроводы, проектирование, изготовление, монтаж, технологиче-
ский процесс, судовые системы, изготовление трубопроводов, монтаж трубопроводов 
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Introduction 
Over the past 30 years, the total amount of labour involved in the manufacture and installation  

of ship piping systems has increased from 5% to 10-20% compared to the total labour volume of ship-
building [1]. Many pipeline installation operations are located on the critical line, thus directly affect-
ing the overall progress of shipbuilding. Therefore, one of the important trends in the shipbuilding in-
dustry today is to increase production efficiency through the introduction of new technologies into the 
process of manufacturing and installing piping systems, thereby helping to shorten shipbuilding con-
struction time as well as reduce production costs. 

Currently, in the world, there have been many studies to improve the technology in the design 
and installation of ship piping systems [2–4]. However, the solutions have not yet completely met the 
needs of reality, the workload as well as the labour time related to the installation of the ship’s pipeline 
system still accounts for a high proportion. In other words, there is still a technological gap between 
these stages, making the pipe system drawings from design to implementation always have errors that 
are difficult to overcome. Although the number of research works has been relatively large, many prob-
lems still exist in the process of manufacturing and installing ship piping systems, even at many ship-
yards, it is still applied. The methods are quite rudimentary, highly dependent on the skill of the 
craftsman. This requires research to develop more effective support tools to fill in the technological 
gaps in this process. 

Stemming from that practical need, the author believes that it is necessary to focus on researching so-
lutions to improve technology in the process of manufacturing and installing ship pipeline systems, building 
a mathematical model to support the process. The process of designing and installing the pipeline system in 
the direction of enhancing prefabricated pipes, minimizing the number of pipes that need to be pre-sized in 
the installation space on the ship. In this solution model, it is necessary to forecast and calculate the size de-
viation compensation area to compare with the deviation area that may occur, thereby making appropriate 
recommendations in the manufacture and installation of pipelines. The research results will be the premise 
to propose a new solution in the field of design and installation of ship piping systems, thereby helping to 
reduce labour costs and execution time of shipbuilding orders. 

 

Research on the possibility of manufacturing straight pipe sections with permissible devia-

tions in combination with free flanges 
The proposed solution solves the problem mentioned above related to the need to perform at 

post-design stage, analyze the pipeline route according to technology and manufacturability without the 
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need for on-site dimensioning. Directional analysis determines the conditions and the possibility  
of compensating for dimensional coordinates deviation in relation to the position of the components 
connected to the pipeline route, considering the tolerances of the pipe fabrication. 

During the pipeline fabrication process, with the help of the machine platform (CGТ-160,  

CGТ-160М, flat platform) we can manufacture straight pipes with the allowable deviation at the con-

nector (displacement straight pipe). According to this principle, the top and bottom faces of the pipe 

are always parallel to each other but will not be perpendicular to the axis of the pipe (Fig. 1). The angu-

lar deviation from the perpendicular direction is within the limits of the standard documents, here we 

take the standard of the Russian Federation [5, 6]. Rotation of these tubes is possible during pipeline 

assembly which will probably eliminate actual deviations. 
 

 
 

Fig. 1. Straight pipe made with permissible deflection on flat support 
 

According to this method, the connector will be installed not perpendicular to the axis of the 

pipe. These deflection angles are specified in the respective standard documents. In the book OST in-

dustry standard 5.95057-90 of the Russian Federation, it is specified that the value of the limit devia-

tion of the flange relative to the direction perpendicular to the axis of the pipe is according to the size 

of the diameter of the gasket of that pipe (Table). 

The value of the limit deviation of the flange from the perpendicular to the pipe axis 

Condition diameter, mm Limit deviation value of flange from the perpendicular of pipe axis, mm 

Under 100 2,0 

From 100 to 200 4,0 

From 200 to 400 6,0 

 

In order to develop the technology of manufacturing and installing ship piping systems in the di-

rection of no pre-measurement of dimensions in the field, it is indispensable for free flanges. The use 

of free flanges greatly reduces the load on pipe fabrication and assembly: no precision is required with 

flange holes with bolts, so the flanges can rotate freely to any angle (Fig. 2). 
 

 
 

Fig. 2. Free flange attached to the end of the welded pipe 
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Direct flange mounting to pipes with offsets shall be within the specified range of the standards. 

The specific deviation when assembled at the connections between pipes should not exceed the 

values specified in the Standard with the corresponding parameters in Figure 3. The prospect of applying 

the results of this study is to use them in the design, manufacture and assembly of ship piping systems. 
 

 
 

Fig. 3. Permissible deviation α when fitting connections between pipes 

 

Analysis of deviation compensation for pipelines through the use of straight pipe sections 

manufactured with permissible tolerances 

Assembling ability of straight pipe sections in curved pipelines. 

We consider a pipeline with the form shown in Figure 4, consisting of two straight pipes parallel 

to each other and two curved pipes. The offset for the pipeline will be done step by step.  

 

 
 

 Fig. 4. Install the pipeline according to the theoretical state of the end pipe:  

1, 3 - straight pipe segments fabricated with allowable deviations; 2, 4 - curved pipe  

 

The first step moves the route from the theoretical position through the application of straight 

pipe segments fabricated with allowable deviations 1 and 3 (Fig. 4). The corresponding state of the 

pipeline is located at position I in Figure 5. 

1 

2 3 

4 

Theoretical position 

B 

 

  

Route displacement by 

rotating the tube 
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Fig. 5. Eliminating pipeline deviation by using two parallel straight lines: 1, 3 - straight pipe segments fab-

ricated with allowable deviations; 2, 4 - curved pipe; P - deviation between the theoretical state  

and the actual state of the end point to be connected to the pipeline; I - the state of the pipeline after applying 

straight pipes made with permissible deviations 1 and 3; II - the state of the pipeline after turning the pipe 1 

 

B 

(exaggeration) 

1 

3, 4 

2 

III - Actual position of the  

pipeline after installation the deviation  

compensation area 

I II 
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In the second step, we proceed to remove the deviation of the position of the fixed connector limiting 

the pipeline (P) by the following steps: Initially, we rotate the straight pipe 1 angle to move the pipeline to 

position II (Fig. 5). When rotating at the connection of pipe 1 care should be taken to control so that the di-

rection of all components in the pipeline installed after pipe 1 is always parallel to their initial state. 

At position II we continue to rotate the pipeline to the position to be reached (position III) 

through the rotation of the deviation pipe 3. After turning pipe 3 a necessary angle value to compensate 

for the deviation should be noted to return to pipe 4 a corresponding angle, but in the opposite direc-

tion, then the last segment of the pipeline will reach the required position of the installation process - 

that is the actual state of the pipeline (Fig. 5). 

Thus, just with two straight pipe segments lying in the pipeline, either parallel to each other, or on the 

same line, we can move the end point of the pipeline in two directions of the coordinate axis. Again, we 

specify the amount of machining residue that coincides with the direction of the straight pipe segments. 

The condition to be able to completely compensate for deviation, without using a compensator 

tube, is that there should be 2 pairs of straight pipes lying not coaxially in the pipe (Fig. 6, 7). 
 

 
 

Fig. 6. Pipeline deviation compensation by two pairs of straight pipes:  

1, 2, 4, 5 - straight pipe segments fabricated with allowable deviations; 3 - curved pipe 

 

 
 

Fig. 7. Compensation area when using rotation of two pairs of deviated straight pipes 
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To eliminate the deviation ∆Z, we rotate the second pair of straight pipes, pipes 4 and 5 (Fig. 6).  

As a result, the pipeline will move to the position required for assembly while preserving the re-

quired orientation of the end of the pipeline. The compensation area of each pair of straight pipes is 

the plane bounded by a circle whose diameter is equal to the sum of the displacements of the pair  

of straight pipes. 

To create a block offset it is necessary to use a consecutive combination of two planar  

offsets (Fig. 7). 

 

Proposing solutions for manufacturing and installing ship piping systems in the direction 

of not pre-measurement of dimensions at the field 

The traditional technology of performing the fabrication and assembly of the ship’s piping sys-

tem in separate areas of the ship [2, 7, 8], will typically be implemented in the following steps: 

1. Pre-assembly of manufactured pipes; 

2. Adjustment of connections of compensating pipes on board, or in the presence of special-

ized machines at the plant; 

3. Complete fabrication of compensating pipes at the factory (welding assigned joints, chemi-

cal treatment); 

4. Assembling the compensating tubes; 

5. Pressure test for the pipeline system. 

Through the preliminary study of the possibility of compensating for deviation for the pipeline 

by rotating pairs of straight pipes in the pipeline, it is possible to design all the pipes in the pipeline 

from the beginning without having to measure the dimensions in advance scene. According to this 

proposed solution, the works to be carried out on the construction site will take place in 2 stages:  

1 + 2 and 4 + 5, because the fabrication of the compensating pipes will be done at the same time as 

the construction process. prefabricated general pipelines, thereby allowing them to be bent at each 

individual route at the final stage of the main pipeline assembly. The interruption time between the 

two construction stages will be significantly reduced because we have reduced step 3 in the pipe fab-

rication process. Thus, by reducing the amount of labor associated with pipelines, this approach will 

set the stage to help shorten shipbuilding time. 

According to the analysis shown above, we can see that it is possible to study and build a new 

technological solution to support the installation of pipelines, taking into account the design charac-

teristics of the pipeline system of the ship’s pipeline system. The set-up method is applied at the 

post-design, technical-technological preparation stage for pipelines and their installation, including: 

– the method of determining the possibility of laying the pipeline and the meaning of the tech-

nological residue indicated at the end of the correction pipes; 

– technology of manufacturing and installing pipes according to design information combined 

with the application of rotation of straight pipes manufactured with permissible deviations at the 

connections. 

Once the automatic analysis system is built, the technology-oriented route analysis will be 

specified after the preliminary routing of the pipeline route and division of the route into branched 

pipes and joints (Fig. 8). 

The activities in the dashed section are the actions that the author proposes to add in the pipe-

line system design and installation process. Implementing this process will help improve the tech-

nology, ensure the accuracy in the actual construction and installation of the shipʼs pipeline system. 

 
Conclusion 

The establishment of new theoretical and methodological solutions mentioned above will help 

improve the pipeline technology on the basis of geometric prototyping and the deflection compensation 

of the pipeline. These solutions will eliminate the need for on-site dimensioning, saving construction 

time and labour efforts in the piping section when fulfilling shipbuilding orders, as well as increasing 

efficiency of workers in the shipyards. 
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Fig. 8. Flowchart of applying the research results in manufacturing and installing the pipeline system 
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