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            Abstract
          
        

        
          The necessity of decommissioning offshore plants is becoming increasingly important because of aging. Therefore, a proper selection of decommissioning equipment and evaluation of the structural stability is necessary for the efficiency and safety of decommissioning work. In this research, methods for designing and evaluating the structural stability of a diamond wire cutting saw (DWS), which is one of the major equipment in decommissioning offshore plants, are introduced. Parametric analyses are performed to appropriately design and evaluate the structural stability. Consequently, stress decreased significantly (from 195.5 MPa to 112.3 MPa in the cutter part and from 168.2 to 110.1 MPa in the arm part) and weight increased minimally (3% in the cutter part and 0.1% in the arm part) from the initial design. Notably, the DWS is considered that appropriate design was performed by selecting proper design variables, design values that satisfied the allowable stress, and minimizing the weight increase.
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      1. Introduction
      Offshore plants have been installed since the 1920s, and approximately 7,600 fixed offshore platforms have been installed by 2015. Offshore plants consist of various equipment and structures that are exposed to the sea environment and have their own lifespan. The fixed platform has a lifespan of approximately 30 years, and 50% of pre-installed platforms have almost reached the end of their lifespan [1][2].

      Offshore plant decommissioning involves the removal of some or all of the platform and equipment from the site when the profitability of the oil well is low or their lifespan reaches the end. Decommissioning objects are mainly fixed platforms, pipelines, and subsea machines. The decommissioning equipment used for cutting and lifting varies from objects and work [3][4]. In this research, a diamond wire cutting saw (DWS), which is one of the major decommissioning equipment, is considered as the research subject among various decommissioning equipment.

      The DWS and decommissioning situations are shown in Figure 1. The davit and winch move the DWS, and the DWS cuts the pipelines of the platforms. In this research, methods for designing and evaluating the structural stability of the DWS by parametric analysis are introduced to design properly and minimize the weight increase.

      
        
        

        Figure 1: 
				
        

        
          Decommissioning situation
        
        

        

      

    

    

  
    
      2. Methods for Designing and Evaluating the Structural Stability of DWS
      
        2.1 Evaluation of the Initial Design
        The DWS is the equipment for cutting pipelines or the structure of platforms by rotating the diamond-coated wire, as shown in Figure 2. It is common to have arms that can clamp the body for stable cutting work. The DWS has not been localized; therefore, a design review through the initial design and simulation is necessary for localization.

        
          
          

          Figure 2: 
				
          

          
            3D model of the DWS
          
          

          

        

        In general, a principal load is applied to the arm and cutter. Therefore, the design of these two parts should be evaluated. The wire tension and feeding force should be considered for the cutter part. The clamping load must be considered to the arm part.

        
          
          

          Figure 3: 
				
          

          
            Parts of the DWS
          
          

          

        

        Additional loads, such as the current velocity and hydrostatic pressure, can be considered if needed. The values of each load are selected from related test results [5]-[9]. The wire tension and cutting force from the test results according to the test shown in Figure 4 are listed in Table 1. The maximum load for each load type is applied to the parts in contact with the wire. The clamping load based on the test results is applied according to the clamping direction (Figure 5).

        
          
          

          Figure 4: 
				
          

          
            Schematics of the cutter test
          
          

          

        

        
          Table 1: 
				
          

          
            Load of the cutter
          
          

        

        
          
            
              	Tension
[N]
              	Fx
[N]
              	Fy
[N]
            

          
          
            	2,000
            	200
            	350
          

          
            	3,000
            	200
            	280
          

          
            	4,000
            	200
            	250
          

        

        

        
          
          

          Figure 5: 
				
          

          
            Load conditions of the DWS
          
          

          

        

        In the cutter, the simply supported condition is applied to the parts in contact with the rails as boundary conditions. In the arm, the x and z directions of the surfaces in contact with the pipe are limited, and the y direction of the surfaces in contact with the chain is limited.

        Al6061 is used as the material for the DWS, and the allowable stress is considered (Table 2). The current velocity (0.54 m/s) at the target location (Attaka field, Indonesia) is also applied from the front. Figure 6 shows the generated mesh, and mesh information is shown in Table 3. A mesh of size 4–15 mm is used in the cutter analysis and that of 4–10 mm in the arm analysis. Figure 7 shows the analysis results of the initial design. In the cutter part, a high stress was observed at the connecting part of the roller connecting plate because of the wire tension and cutting force. In the arm part, a high stress was observed at the arm plate and the hinge bar. Based on the parts that showed high stress, we attempt to set design variables to satisfy the structural stability and minimize the weight increase.

        
          Table 2: 
				
          

          
            Material properties of Al6061
          
          

        

        
          
            
              	Density
[kg/m3]
              	Elastic
modulus
[GPa]
              	Poisson’s 
ratio
              	Yield
strength
[MPa]
              	Allowable
stress
[MPa]
            

          
          
            	2,770
            	71
            	0.3
            	145
            	116
          

        

        

        
          
          

          Figure 6: 
				
          

          
            Generated mesh of each part
          
          

          

        

        
          Table 3: 
				
          

          
            Information of the mesh
          
          

        

        
          
            
              	Part
              	Number of nodes
              	Number of elements
            

          
          
            	Cutter
            	58,220
            	65,638
          

          
            	Arm
            	164,715
            	151,062
          

        

        

        
          
          

          Figure 7: 
				
          

          
            Equivalent stress result of the DWS initial design [MPa]
          
          

          

        

      

      
        2.2 Parametric Analysis by Design Variables
        Figure 8 and Table 4 show the selected design variables. In the cutter part, one design variable is selected because only the roller connecting plates showed critical structural stability. In the arm part, two design variables are selected because the arm plate and hinge bar have an effect on each other.

        
          
          

          Figure 8: 
				
          

          
            Specific parts about design variables
          
          

          

        

        
          Table 4: 
				
          

          
            Selected design variables and initial values
          
          

        

        
          
            
              	Part
              	Specific part
              	Design variables
              	Initial value
[mm]
            

          
          
            	Cutter
            	Roller connecting plate
            	Thickness
            	2
          

          
            	Arm
            	Arm plate
            	Thickness
            	4
          

          
            	Hinge bar
            	Diameter
            	10
          

        

        

        Figure 9 shows the parametric analysis results of the cutter part. As the thickness increased, max. stress decreased. And if the thickness was more than 4 mm, the gradient of the line showed no steep change. To select the proper thickness, determining the point near and lower than the allowable stress is reasonable for considering the structural stability and minimizing the weight increase. Consequently, a thickness of 5 mm was selected as the final design, and stress analysis results are shown in Figure 10.

        
          
          

          Figure 9: 
				
          

          
            Max. stress of the cutter part by the thickness of the roller connecting plate
          
          

          

        

        
          
          

          Figure 10: 
				
          

          
            Equivalent stress result of the final cutter design [MPa]
          
          

          

        

        In the case of the arm part, parametric analyses considering two design variables are performed. Figures 11 and 12 show the results of the parametric analysis. As the thickness of the arm plate and the diameter of the hinge bar increased, max. stress decreased. As the thickness and diameter increased, the gradient of the lines gradually increased. Based on the graphs, three candidates that are near and lower than the allowable stress are selected (Table 5). The volume of each candidate is calculated to determine the lighter design among the three candidates. As a result, candidate 1 was selected as the final design because it had the smallest volume. However, the selection of the design point for the final design may vary from each designer. The allowable design range, preference of the designer, defined standard of components, and design limitations exist. Therefore, selecting the design condition in advance and considering it properly are necessary for the designer. Figures 13 and 14 show the stress analysis results of the final arm part design. The max. stress of the arm plate and hinge bar was lower than the allowable stress and minimized weight increase.

        
          
          

          Figure 11: 
				
          

          
            Max. stress of the arm part by thickness of the arm plate
          
          

          

        

        
          
          

          Figure 12: 
				
          

          
            Max. stress of the arm part by the diameter of the hinge bar
          
          

          

        

        
          Table 5: 
				
          

          
            Candidates for the final arm design
          
          

        

        
          
            
              	Candidate
              	Arm plate thickness
[mm]
              	Hinge bar diameter
[mm]
              	Volume
[mm3]
            

          
          
            	1
            	4
            	25
            	54,778
          

          
            	2
            	6
            	20
            	75,825
          

          
            	3
            	10
            	10
            	118,155
          

        

        

        
          
          

          Figure 13: 
				
          

          
            Equivalent stress result of the final arm plate design [MPa]
          
          

          

        

        
          
          

          Figure 14: 
				
          

          
            Equivalent stress result of the final hinge bar design [MPa]
          
          

          

        

      

    

    

  
    
      3. Conclusion
      In this study, methods for designing and evaluating the structural stability of a DWS are introduced. Proper load conditions are selected by considering the test results. Parametric analyses are performed to properly design and evaluate the structural stability. As shown in Table 6, the final design satisfied the allowable stress (116 MPa) and minimized the weight increase (3% in the cutter part and 0.1% in the arm part) from the initial design. In related studies on parametric analysis, the selection of parameters for the model, structural analysis per parameter, and selection of the optimized value considering the design stress were performed [10]. Similar methods were also used in this study, and proper values were obtained from the parametric analysis. Even though the target model is not a DWS, this method can be applied to any other equipment to design and evaluate the structural stability. The graphs of the stress analysis results from the parametric analysis can be useful when designing. In addition, design values drawn from the analysis can be retained as back data and can be reused when redesigning and evaluating the equipment without much effort. There are further plans to acquire data such as the ship behavior, wind load, and lifting load from the target location (Attaka field, Indonesia) and evaluate considering the actual decommissioning situation.

      
        Table 6: 
				
        

        
          Comparison of the initial and the final design
        
        

      

      
        
          
            	Part
            	Max. equiv. stress
[MPa]
            	Weight
[kg]
          

          
            	Initial
            	Final
            	Initial
            	Final
          

        
        
          	cutter
          	195.5
          	112.3
          	46.5
          	47.9
        

        
          	arm
          	168.2
          	110.1
          	327.8
          	328.0
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