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Abstract: Ships have holes with various functions. However, there are difficulties in designing holes necessary for the construction 

of fittings due to incorrect information management systems. As a result, most shipyards have developed and used hole information 

management systems using 3D computer-assisted design (CAD). However, the systems developed at present are only applied to in-

ner plate constructions; in the case of the shell plate, fieldwork is performed. The construction of the shell plate hole at the site not 

only requires significant amounts of work and time but also poses safety problems such as accidents during work, which can occur 

due to the limited workspace. To solve these problems, this study developed an automatic shell plate hole generation system that can 

be applied to shell plates such as sea chest holes, drain holes, and air holes using the 3D CAD system AVEVA Marine. The devel-

oped automatic shell plate hole generation system was applied to an actual shipyard process with no existing cases and its utility was 

confirmed. 
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1. Introduction
Ships have holes and pipes with various functions. In general, 

with previous systems, when hole outfitting design information 

is supplied to hull design, holes are marked on drawings in the 

hull design stage. Then, the drawings are supplied to the pro-

duction stage and field workers use production drawings for the 

construction of ships. To produce a member marked on the 

drawings, workers must enter the information and coordinates 

of every hole while checking the drawings and then insert them 

into modeling tools [1]. In this process, design drawing errors 

occur frequently due to the transfer of incorrect hole infor-

mation. Design errors lead to losses related to the reconstruction 

of holes, degradation of design quality, and increased design 

man-hours. These errors account for a large proportion of de-

sign errors in shipyards.  

To address this problem, numerical control (NC) cutting is 

performed in advance through a hole plan system for holes pen-

etrating hull fittings and pipes, thus, shortening the processing 

time; however, this is limited to the automation of inner plate 

hole generation [2][3]. Furthermore, the automatic generation of  

shell plate holes has been difficult due to the limitation of the 

existing two-dimensional design software until recently. Partic-

ularly for curved shell plates, secondary accidents frequently 

occur due to field construction instead of hole construction in 

the NC processing stage. In this study, the limitations of exist-

ing 2D design software were overcome using the 3D CAD sys-

tem AVEVA Marine (hereinafter referred to as “AVEVA Ma-

rine”). Modern design software applications must provide facto-

ry automation data and detailed production information as well 

as various modeling and drawing automation features to im-

prove design efficiency [4]. For the hull surface information, 

3D information such as 3D shell plate hole automation is essen-

tial and the developed software system has advantages in this 

respect.  

Figure 1 compares the processes before and after using the 

NC cutting system. In the past, holes were constructed in the 

field by workers using drawings, but the developed system can 

generate holes and perform NC processing with the coordinates 

of the holes only. According to the system flow, the outfitting 

design department first creates virtual holes with the hole in-
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formation and coordinates and stores them in the database. The 

stored data can be modified and deleted as needed. The devel-

oped system ensures safe work and accurate construction. The 

main content of this paper is to propose an automatic generation 

system that can perform 3D modeling of holes using accurate 

hole design data and generate shell plate holes in the NC pro-

cessing stage. This paper is organized as follows. After the In-

troduction section, Section 2 introduces the overall system 

structure, Section 3 describes the system configuration, Section 

4 presents the system application results, and finally, Section 5 

draws relevant conclusions. 

Figure 1: Previous system and developed system process 

2. System Structure
The overall structure of the developed system is shown in 

Figure 2. The left side of this figure consists of the “Outfitting 

Hole Manager,” which generates virtual holes with the hole 

shape information and coordinates and stores them in the data-

base, and AVEVA Marine for managing the information on the 

hole shapes and shell plate to be constructed. 

   Figure 2: System architecture 

The right side of Figure 2 consists of the “Hull Hole Manag-

er” for generating actual holes through the hole information and 

“Hole Information Database” for managing the hole coordinates 

and other hole information.  

Figure 3: Hole information input window 

Figure 4: Example of virtual hole generation 

Figure 3 shows the input window for receiving the hole in-

formation of the shell plate in the hole drawing work as a tool 

of AVEVA Marine [5]. This input window is composed of sev-

eral sections. Users can select the hole shape in “Designation,” 

select the reference axes (X,Y) of the holes in “Approx. 

Coord.,” choose whether to process the holes as “Marked” or 

“Burnt”, and enter the coordinate point of the hole in Point 1. 

“Marked” and “Burnt” indicate virtual and real holes, respec-

tively. The reason for distinguishing virtual and real holes is to 

distinguish whether the hole can be finally processed in the NC 

workshop or whether it needs to be modified. 

Figure 4 shows a virtual hole generated through the input 

window using the hole coordinates and other information found 

with the developed algorithm. The drawing worker verifies the 

hole position and information through 3D modeling and stores 
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them in the database. The conventional method has a high pos-

sibility of construction error because the shell plate holes are 

processed manually. However, the NC hole cutting illustrated in 

Figure 4 can improve production efficiency and minimize con-

struction errors. 

3. System Configuration

3.1 System overview 
Figure 5 shows the total hole generation process using 

AVEVA Marine. A ship model is provided by AVEVA Marine in 

which there are many blocks, pipes, and shell plates. Among 

them, only the shell plate information of the block in which 

holes will be constructed is loaded. Then, the virtual holes are 

generated using the developed algorithm and stored in the data-

base. The database contains virtual holes and their information; 

the hull department generates real holes using the data stored in 

the database and then performs NC processing. The algorithm 

consists of two parts: virtual hole generation using code and real 

hole generation. 

Figure 5: Procedure of hole design example 

3.2 System Algorithm 

3.2.1 Generating intersections using shell plate and virtual plane 

To generate holes that fit the shape of a curved shell plate, the 

coordinates including direction for the processed plane need to 

be calculated. An algorithm was developed to sequentially load 

the names of all blocks and shell plates stored in random varia-

bles, find the shell plate to which the center coordinates of the 

hole belong, and then store it in “!csurfList,” which was speci-

fied as a random variable (Figures 6 and 7) [6].  

Figure 6: Algorithm of shell plate to which the center coordi-

nate belongs 

Figure 7: Flow chart of Figure 6 

The variable !basePos represents the information of all shell 

plates; the variables !x, !y, and !z represent the x, y, and z val-

ues of the center coordinates, respectively. Furthermore, the 

variable !noneChk represents the random name of the shell 

plate in which the hole will be generated. Figures 8 and 9 show 

an algorithm for creating a virtual plane (gray) and an intersec-
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tion (red dot) at the point where the shell plate and virtual plane 

intersect. The function “!bplane” for generating a virtual plane 

is a method of the library provided by AVEVA Marine. This 

method uses the location, normal vector, minimum location 

value, and maximum location value to generate a plane as large 

as the overlapping shell plate.  

Figure 8: Algorithm of intersection generation 

Figure 9: Flow chart of Figure 8 

The function “!conList,” provided by AVEVA Marine, is com-

posed of the name of the previously extracted shell plate and 

virtual plane. Many intersections are generated at the part where 

the shell plate contacts the virtual plane, and all the generated 

intersections are stored in the variable “!conList.” Furthermore, 

among all the stored intersections, two intersections to which 

the center coordinates of the hole belong are stored in the varia-

ble “!tempList.” Figure 10 shows the generation of an intersec-

tion between the shell plate and virtual plane at which the real 

hole will be generated through the above-mentioned two algo-

rithms. The generated intersection is used to calculate the slope. 

Figure 10: Intersection creation using shell plate and virtual plane 

Figure 11: Algorithm of slope calculation 

3.2.2 Calculating slope using intersection 

Figures 11 and 12 show the algorithm for calculating slope 

using the method for the two intersections stored in the variable 

“tempList” and applying the calculated slope to the center coor-

dinates. Two intersections are used in the slope calculation 

method using two points because it is difficult to code accurate 

calculations of the slope of a curved surface. The variables 
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“!pos1” and “!pos2” represent the first and second intersections, 

respectively. For the variable “!line,” the slope of a straight line 

is calculated using the “line.OnProjected” method by consider-

ing the first and second intersections as a straight line. The cal-

culated slope value is applied to the center coordinates, which 

are the values of center coordinates with a direction. Figure 13 

illustrates the “onprojected” method in the algorithm to facili-

tate understanding. 

Figure 12: Flow chart of Figure 10 

Figure 13: Example of slope calculation (“onprojected”) 

3.2.3 Generation of real holes: sea chest, drain, and air holes 

Figure 14 shows the sea chest, drain, and air holes. The sea 

chest hole was generated by inputting the center coordinates of 

a direction extracted using the above-mentioned algorithm and 

hole shape information in the hole generation input window. 

The drain and air holes were generated by inputting the coordi-

nates marked on the drawing in the hole generation input win-

dow, omitting the algorithm process. For drain and air holes, the 

accurate hole shape is not important unlike the sea chest hole, 

because the hole size where the pipe interferes is not so large as 

to influence the ship structure and because the holes are used to 

discharge air and water. Therefore, the process of the above-

mentioned algorithm may be bypassed, and the holes can be 

generated just by inputting the coordinates on the hole genera-

tion input window. 

Figure 14: Sea chest hole, drain hole, and air hole generation 

4. System Application Results
Previous works have proposed process automation systems 

related to outfitting-related members (pipe hole, plumbing hole, 

and cable hole) and inner holes but shell plate work was per-

formed manually due to the nature of the curved shell plate. 

Manual cutting, in particular, requires high-place work depend-

ing on the cutting position, prior marking for the cutting posi-

tion and shape, and additional grinding work if the cut shape is 

not good.   

In this study, the outfitting and hull departments jointly pro-

posed the shell plate automation hole generation process. The 

outfitting department stored the hole information and modeling 

of the virtual hole in a database. Based on the stored data, the hull 

department created the real hole and performed the NC process. 

Table 1 shows a photograph before applying the shell plate hole 

processing system on the left and a photograph after applying 

the shell plate hole processing system on the right. The feasibil-

ity of this method has been verified by its application to a bulk 

ship built in a shipyard in 2018. For the cutting equipment, 

manual cutting with an oxygen welder was performed before 
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applying the system; however, the NC automatic cutting system 

was used for the shell plate automatic hole generation system. 

The developed system can reduce casualties by preventing fall-

ing risks and improve the final quality of the cutting surface 

with minimal errors compared to conventional methods. Fur-

thermore, the hole processing time was reduced to approximate-

ly 10 min to reduce the cutting man-hours compared to the ex 

isting manual cutting system (approximately 3 h).  

5. Conclusion
In this study, the 3D CAD system AVEVA Marine was used 

instead of existing 2D design software. The objective of this 

study is to apply the developed system to the hull surface. As 

3D information is essential for the hull surface, the 3D CAD 

system can improve the process throughout the process cover-

ing 3D modeling, design, and construction. This software is 

especially popular in the outfitting design and construction 

fields.   

The developed shell plate hole processing system is an auto-

mation system that can model holes using the hull surface and 

hole information and be applied to shell plates as well as the 

inner plates of ships. According to the “2018 Shipbuilding In-

dustry Disaster Cases” [7] published by the Korea Occupational 

Safety and Health Agency, many falling accidents occur during 

the shell plate work. Through the developed system, shell plate 

hole construction can be done automatically using NC cutting 

equipment instead of field construction. Consequently, safety 

problems such as production accidents that may occur in the 

field, hole accidents at high positions such as workers falling, 

and secondary accidents due to falling work tools can be pre-

vented. Furthermore, its implementation is expected to improve 

the quality of ships by reducing hole cutting man-hours and 

improving the efficiency of production and design processes. 

However, it was difficult to adjust the intervals of intersections 

in this study. In the future, we will research more accurate slope 

calculations and their application to holes by making it possible 

to adjust the distance between intersections. 

As shown in Figure 14, the results of applying the developed 

shell plate hole processing system showed that for some holes 

that are large or located at the edge of a member, there is a pos-

Table 1: Comparison of existing system and developed system  

Before application to system After application to system 

Cutting equipment ㆍManual cutting with an oxygen welding machine ㆍNC automatic cutting equipment 

Cutting man/hour ㆍApproximately 3 M/H per hole ㆍApproximately 0.1 M/H or lower per hole 

Cutting quality ㆍVaries by the worker’s skills ㆍ Excellent 

Additional work 

ㆍWork at a high place may be required depending on 
the cutting position 
ㆍ Prior marking of the cutting location and shape may be 
required if it is not a pipe hole. 
ㆍ Additional grinding may be required if the cutting 
shape is not good. 

ㆍ Cutting work when there is a bridge 

ㆍAdditional finishing process is not necessary. 

Cutting shapes 
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sibility of deformation of the shape or position of the hole due 

to plate forming. Hole shape changes due to plate forming can 

be prevented through “bridge work,” which is often used in 

shipyards, and problems can be minimized by standardizing 

bridge construction methods. 
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