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Abstract: Marine engineering(ME) research is an interdisciplinary research field. Its 

purpose is to solve engineering problems related to marine environmental work and 

explore and utilize marine resources. This paper introduces the fusion fuzzy 

mathematics(FFM) analysis technology to explore and analyze the key problem(KP) of OE. 

There are many aspects of ME problems. This paper mainly explores the problems in the 

construction process of ME equipment, the quality control procedure of production process 

and the control process of quality improvement, and puts forward corresponding measures 

to solve the problems. Taking the construction of semi submersible project in a shipyard in 

China as an example, it analyzes and discusses the KPs in the construction scheme and 

process of ME semi submersible, The FFM analysis technology is introduced to test the 

friction and wear behavior of the armor steel wire layer of marine equipment engineering. 

The experimental results verify the effectiveness of the application of the FFM analysis 

technology to the analysis of KPs in ME, which has important guiding significance for the 

exploration of KPs in ME. 

1. Introduction 

Limited by land resources, people rely more and more on marine resources. Energy, minerals, 

food, medicines and so on can all come from the sea, and marine resources have become an 

important part of human social development. ME is one of the important factors to promote the 

development of marine economy. With the deepening of ME research, the scope of ME is more and 

more extensive. Driven by the development of electronic technology, artificial intelligence 

technology and Internet of things technology, OE is developing towards a distributed, 

network-based and intelligent system, achieving the goals of intelligent control, communication and 

navigation, and direct exchange of ship shore information. ME and related science and technology 
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have entered a period of rapid development. This field is developing in the direction of 

interdisciplinary integration and technology intensive, showing the characteristics of intelligence 

and integration. In this paper, the KPs of OE are explored by integrating fuzzy mathematical 

analysis methods. 

With the deepening of ocean research by scholars around the world, more and more papers have 

been published in the field of ocean engineering research. These papers published in different 

journals and conferences to a certain extent reflect the trends of the development of ME Science and 

research hotspots. Analyzing the research hotspots of these articles and mining the research 

directions of these articles can help us understand the development of ME and provide a basis for 

further research [1]. For the research of KPs in OE, some researchers have proposed that text 

mining can be used to improve the efficiency of research. Most researchers also show that the 

fusion of fuzzy mathematics technology can effectively and accurately explore the KPs in OE [2]. 

On the basis of previous studies, this paper introduces the FFM analysis technology to explore 

the KPs of OE. This paper mainly analyzes the problems existing in the construction of ME 

equipment, and takes the construction of semi submersible project in a shipyard in China as an 

example to analyze and discuss the KPs of the construction scheme and process of ME semi 

submersible. Finally, the armor layer components of marine equipment engineering are taken as the 

experimental test objects. The test results show that the friction and wear behavior is different from 

the behavior of materials, and many of them refer to the data given in the specifications, which is 

not universal for pipes with different structures and different working conditions; The surface wear 

caused by the mutual friction between even layers of armor layer components seriously reduces the 

fatigue life of flexible cable [3-4]. It is verified that the fusion of fuzzy mathematics analysis 

technology can find the KPs of OE timely and accurately. 

2. Analysis of KPs in OE 

2.1. OE Equipment Construction Process 

Taking the construction of semi submersible project in a shipyard in China as an example, this 

paper analyzes and discusses the key issues of the construction scheme and process of ME semi 

submersible. Due to its unique lifting advantages in China, the shipyard's semi submersible 

construction mode is different from that of ordinary shipyards. Overall construction scheme: Taking 

the lower surface of the double bottom structure of the box deck as the boundary, the semi 

submersible platform is divided into upper and lower hull sections [5-6]. The upper hull includes a 

box deck, superstructure, drilling platform, etc., of which a helicopter platform and a life-saving 

platform are mounted on the superstructure; The lower hull includes appendages, columns, cross 

braces, etc. All sections are constructed, pre outfitted and painted according to the sectional 

standardized construction process, and the two general sections are closed on the horizontal berth. 

The two general sections carry out parallel operations respectively to expand the scope of ground 

outfitting, so that outfitting can be carried out more evenly and avoid the situation that outfitting 

work is concentrated at the wharf. Among them, the drilling platform is purchased as an 

independent drilling package project and assembled back to the factory. It will be closed after the 

main structure of the hull is underwater and lightered to the 300000 ton dock. After the upper and 

lower hulls are fabricated on the ground, they are closed in the dock [7-8]. 

2.2. Production Process Quality Control Procedure 

The quality control procedure based on quality assurance is to ensure the quality of all stages in 

the quality loop by controlling the process of quality formation. In order to meet the requirements of 
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total quality management and quality program, a series of quality assurance based process control 

procedures need to be developed, such as product identification and traceability control procedures, 

material tracking control procedures, process control procedures, welder control rules and welding 

control procedures, as shown in Table 1 [9]. 

Table 1. Classification of quality control procedures 

program Category 

Quality control procedure 

Welding control procedure 

Design control procedure 

Process control procedure 

Control procedure for product identification and 

traceability 

Material tracking control procedure 

Product quality information management 

procedure 

Taking the control procedures for product identification, traceability and material tracking in the 

construction process of semi submersible as an example, the following describes in detail. The 

control procedures for product identification and traceability are applicable to the identification and 

tracking of materials, equipment, purchased parts, outsourced parts, work in progress and final 

products, as well as their inspection and test status. Identification refers to the words, numbers, 

letters or symbols attached to the product surface or other places to identify and describe the 

product and its inspection and test status; Traceability refers to the ability to track the history, 

application and location of the entity according to the recorded identification [10-11]. Figure 1 

shows all stages and products of the offshore platform that need to be identified. 

 

Figure 1. Structure diagram of identification classification 

2.3. Control Process of Quality Improvement in Production Process 

In order to ensure the final product quality and the operation of the quality system, it is necessary 

to carry out quality inspection on all links and intermediate products in the production process of 

the project [12]. The stages and contents involved in process inspection control are different, and 

the contents of quality inspection are different at different stages and according to different 

specialties. It mainly includes the inspection and tracing of materials before boarding, the inspection 

of intermediate products in the ship manufacturing process, the quality control of the overall 
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performance of the ship, the overall commissioning and the quality control of the trial delivery [13]. 

The quality control procedure based on quality improvement is the continuation of the inspection 

process and the improvement and correction of problems in the production process. It mainly 

includes nonconforming product control process, non conformance report procedure, self correction 

activity, quality accident handling method and other procedures, as shown in Table 2 [14]. 

Table 2. Classification of quality improvement procedures 

Program Type 

Quality improvement procedure 

Nonconforming product control process 

Non conformance reporting procedure 

Prevention measures for collection, reporting and 

reissue of bad quality information 

The following is a detailed introduction of the control procedure for nonconforming products. 

The nonconforming product control procedure specifies the control method of nonconforming 

products, so that nonconforming products produced in each production link can be timely marked, 

recorded, isolated, reviewed, disposed and communicated. 

The discovery of nonconforming products mainly comes from inspection activities, including 

incoming inspection, process inspection, final inspection, patrol inspection, ship owner, ship 

inspection and other inspection processes [15-16]. Nonconforming products shall be reported to the 

quality inspection department level by level after being found, and shall be marked and isolated at 

the same time; The quality inspection department, in conjunction with relevant departments, judges 

and classifies nonconforming products, which are mainly divided into three grades: minor, ordinary 

and serious. Nonconforming products of different grades and processes are handled differently. 

Nonconforming products found during incoming inspection shall be isolated by the warehouse 

department and returned or repaired by the procurement department; Nonconforming products 

found in process inspection and final inspection shall be handled by each production department or 

workshop. After the treatment of nonconforming products, nonconforming product records shall be 

formed and archived [17-18]. 

3. FFM Analysis 

3.1. Calculate Attribute Weight Vector 

Entropy weight can make complex and fuzzy things orderly, and can accurately and 

quantitatively describe the relative importance of internal indicators of things. In order to obtain the 

characterization of the relative importance of the Deepwater completion evaluation index, the 

following calculation steps are required. In the optimization of key OE methods with X OE 

alternatives and y evaluation indicators, the entropy weight of the jth evaluation indicator is: 
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3.2. Calculation, Final Evaluation and Optimization 

After the value is normalized by the matrix and the weight is calculated, the complex subjective 

judgment problem of the optimization decision-making of the analysis of KPs in OE becomes 

mathematical. Assuming that the final optimal evaluation value of the ith well completion method is 

VI (k), multiply the matrix Q and the weight vector by the following formula.  

),...,2,1(,)(
1

nikqkV
y

j

jiji 
                     (3) 

Judging from the comprehensive evaluation results, it is obvious that the larger VI (k), the better 

the solution to KPs of OE, that is, the better the comprehensive adaptability. 

4. Research on KPs of ME based on FFM 

4.1. Research on Inspection Procedures during Production of OE Equipment 

Production process inspection process refers to the inspection process of inspection items in the 

production process. After having an inspection plan for inspection items, in order to ensure the 

operation of the quality inspection plan and the effect of the quality management system, it is 

necessary to standardize the inspection process of various inspection items. This paper introduces 

the FFM analysis technology, which is divided into three categories according to the stage of the 

inspection items: incoming inspection, construction process inspection and final product inspection, 

and four categories according to the inspection types: self inspection, internal inspection, special 

inspection and external inspection. Through the multi-level inspection of the inspection items in the 

three stages of the production process, the quality problems can be found in time to ensure the 

quality of the production process, the project quality and the operation of the quality system. 

Preparation for material warehousing inspection: after plates, profiles and pipes arrive at the 

factory, the purchaser of the procurement department shall provide relevant documents to the 

storekeeper of the logistics department. The documents shall include: material arrival list with 

specifications, grades, furnace batch numbers, quantities and other information, purchase order Po, 

material and equipment purchase application form MEO, material certificates, and technical 

agreements and drawings if necessary. The storekeeper of the logistics department prints the 

inspection application form and applies to the quality inspector of the quality management 

department for incoming inspection. 

4.2. Statistical Analysis Technology of Quality Information 

Through the management of inspection work by the quality management system, all kinds of 

information of quality inspection items are recorded systematically. Reasonable statistical analysis 

of these information can better ensure the continuous optimization of quality and achieve a virtuous 

cycle. 

Type of quality information: according to the analysis of the current situation of quality 

information management in shipyards, the quality system of semi submersible platforms in the 

whole construction process is relatively mature and perfect, but the operation process of the quality 

system is greatly affected by human subjective factors. In order to ensure the objectivity and 

accuracy of the system operation, it is necessary to carry out more detailed and rigorous 

management of quality information, and use data to solve analysis and problems. 

It seems reasonable to judge whether the production workshop or the contractor is qualified 
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according to whether the first inspection pass rate is up to standard, but this quality information is 

not comprehensive enough. As shown in the table, if there are 138 inspection items applied for 

inspection in this cycle, 137 of which pass the first inspection, and the other inspection item passes 

after applying for inspection 8 times, then the statistics are consistent with the data in the table 

below, and the first inspection pass rate is also up to standard, but one inspection item passes after 

inspection 8 times, which indicates that this inspection item has a big problem and should be paid 

attention to, However, due to the qualified rate of the first inspection, such problems are not paid 

attention to and prevented from being re issued. 

During the design of flexible pipe cable, the winding angle of armored steel wire can be designed 

around 20 ° - 40 ° according to the actual application environment and the function of pipe cable. In 

this test, the winding angle parameters of pipe cable are also divided into three groups: 20 °, 25 ° 

and 30 °. The summary of test parameters is shown in Table 3. 

Table 3. Friction and wear test parameter 

Test piece Angle (°) Contact load (n) Frequency (Hz) 
Reciprocating 

stroke (mm) 

Steel wire / wire 40 60/80/100 5 3 

Steel wire / wire 50 60/80/100 5 3 

Steel wire / wire 60 60/80/100 5 3 

In the test, the tangential force and load are monitored in real time, and the friction coefficient is 

calculated indirectly. Through the friction coefficient, the friction and wear characteristics between 

armored components are understood; After going through the wear process for a sufficient time, the 

surface morphology was observed under a high-power electron microscope to analyze the wear 

mechanism and damage of armored layer components. The specific wear surface parameters under 

different contact loads and friction angles are summarized in Figure 2. 

 

Figure 2. Wear test results 

It can be seen from the data above that the size of load and the change of friction times will 

obviously change the wear morphology and depth of steel wire, of which the impact of load is 

particularly prominent. The wear morphology will also be different at different angles. When the 

steel wire is completely in the vertical friction condition, the wear morphology is round, while it is 

elliptical at other angles. With the increase of load, the number of load cycles increases, the area of 
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wear ellipse becomes larger, and the degree of wear increases, which will accelerate the process of 

fatigue failure. 

5. Conclusion 

This paper discusses and analyzes the KPs of ME based on FFM, analyzes the KPs of ME 

equipment construction and production process quality, uses FFM technology to carry out 

experimental research on the friction and wear behavior of armored steel wire layer, and simply 

discusses the wear mechanism of armored layer components and its impact on fatigue problems, 

The following work has been done: To study the impact of friction and wear factors on the fatigue 

life of flexible cables, which have not received widespread attention at present, has reference 

significance for the future ME community to open and deepen the research in related aspects. The 

engineering experience of the practical application of offshore pipe and cable shows that other 

structural layers, such as carcass or pressure resistant armor layer, may also suffer from fatigue 

failure. As there is space allowance in many parts of the pipeline, other structural layers also have 

friction and wear behavior. The next work can further study the friction and wear behavior in the 

fatigue failure of other metal structural layers. 
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