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            Abstract
          
        

        
          Gaskets play a crucial role in preventing leakage and seepage when they are inserted and bolted into the flange joints of piping systems, such as those in shipbuilding, offshore plants, and marine engines. The application of conventional gaskets in pipelines can lead to galvanic corrosion between dissimilar materials over time, which can result in leakage of high-temperature and high-pressure fluids due to corrosion. This increases the likelihood of secondary accidents. In recent years, the demand for insulation gaskets to prevent galvanic corrosion has increased. The ability of insulation gaskets to prevent corrosion varies depending on their insulation performance. In this study, the structures and materials of the most widely used insulation gaskets developed overseas were analyzed. Additionally, a new structure and material for insulation gaskets were proposed. Electromagnetic field analysis simulations were conducted by modeling the application of advanced products and proposed insulation gaskets. Furthermore, physical tests were performed by installing actual gaskets to confirm the extent of improvement in real insulation performance when applying advanced products and the proposed insulation gaskets.
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      1. Introduction
      Gaskets are usually inserted into the flange joints of piping systems, such as those in shipbuilding and marine engines, and secured with bolts to prevent leakage [1]. However, over time, galvanic corrosion can occur between the flanges of various fluids, depending on the dissimilar materials used in the pipeline. Galvanic corrosion increases the likelihood of leakage of high-temperature and high-pressure fluids and, in extreme cases, can lead to secondary accidents. Insulation gaskets are used to prevent such incidents. These specialized gaskets have been classified as high-value components, the demand for which has increased exponentially in recent times [2].

      The corrosion prevention capabilities of insulation gaskets vary based on their insulation performance. In this study, the structures and materials of the most widely used insulation gaskets developed overseas were analyzed. Additionally, a new structure and material for insulation gaskets are proposed to confirm the extent of improvement in the actual insulation performance.

      
        1.1 Definition of Insulation Gaskets
        Gaskets are generally classified into metallic, non-metallic, and semi-metal gaskets; semi-metal gaskets are composed of a combination of metallic and non-metallic materials. These gaskets leverage the flexibility and resilience of non-metallic materials, along with the strength and heat resistance of metallic materials. This combination allows them to exhibit excellent sealing properties under a wide range of temperature and pressure conditions [3].

        Insulation gaskets are specialized gaskets that prevent galvanic corrosion between dissimilar materials. They prevent leakage, ensure a secure seal, and provide electrical insulation [4][5]. Insulation gaskets are typically composed of insulation washers and sleeves; Additionally, they possess inherent insulation properties. Figure 1 shows the components of the insulation gasket.
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            Insulation gasket component
          
          

          

        

      

      
        1.2 Significance of Insulation Gaskets
        In the case of the most commonly used general or metallic gaskets, galvanic corrosion resulting from potential differences between two pipes can necessitate the replacement of the entire pipe system. Figure 2 illustrates the appearance of pipes and flanges affected by galvanic corrosion.
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            Galvanic Corrosion
          
          

          

        

        In shipbuilding and offshore plants, corrosion can result in significant direct and indirect cost losses due to downtime shutdowns for pipe and flange replacement, as well as labor costs. In the case of shipbuilding and offshore plants, significant direct and indirect costs are incurred due to corrosion, necessitating the replacement of pipes and flanges. Direct costs include the expense of replacing corroded structures and flanges; the cost of using corrosion-resistant metals or alloys if the existing metal lacks sufficient corrosion resistance; and additional costs for plating, corrosion inhibitors, and devices for corrosion prevention. Indirect costs involve the operational halt of the facility to replace corroded flanges, resulting in the loss of functionality, labor costs, waste of production material, and pollution because the corrosion of flanges causes the loss of oil, water, gas. In addition, there are indirect losses, such as pipe blockage due to accumulated corrosion products and the contamination of manufactured products due to the incorporation of corrosion by-products.

      

    

    

  
    
      2. The Structure of the Proposed Insulation Gasket
      
        2.1 The Structure of the Conventional Insulation Gasket from Advanced Overseas Manufacturers
        A gasket with the highest market share overseas, which is rated for 50 bar, was selected as the reference gasket for comparison. For advanced foreign manufacturers, the gasket structure typically consists of SS316L and mica sandwiched between two Epoxy G-10 layers. Figure 3 illustrates the structure of the gaskets used by advanced manufacturers.
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            The structure of insulation gaskets used by advanced overseas manufacturers
          
          

          

        

      

      
        2.2 The Proposed Insulation Gasket Structure
        The proposed insulation gasket is rated at a pressure of 50 bar. In contrast to conventional advanced manufacturers that use mica for insulation, the proposed structure incorporates polytetrafluoroethylene (PTFE), which offers insulation properties superior to those of mica. This modification aims to enhance insulation performance. To analyze the improvement with the application of PTFE, the external sheet followed the same approach as that followed by advanced manufacturers, using Epoxy G-10. Figure 4 illustrates the structure of the proposed gasket.
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            The structure of the suggested insulation gasket
          
          

          

        

      

    

    

  
    
      3. Electromagnetic Field Analysis Simulation
      
        3.1 Modeling
        Electromagnetic field analysis simulations were conducted to assess the insulation performance of the insulation gaskets from advanced overseas manufacturers and the proposed insulation gaskets. 3D modeling was performed to facilitate the simulations. The 3D model represented the assembly of the gasket between the two flanges, with the material of the flanges and bolts determined to be SS304. Figure 5 depicts the modeling results for a gasket from advanced overseas manufacturers, Figure 6 illustrates the modeling results for the proposed gasket, and Table 1 lists the material properties for the electromagnetic field analysis simulation. No different temperature conditions were considered in the comparison to assess the insulation performance of two insulation gaskets with identical specifications.
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            Modeling Results of Insulation Gasket from Advanced Overseas Manufacturers 
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            Modeling Results of the Proposed Gasket
          
          

          

        

        
          Table 1: 
				
          

          
            Material properties
          
          

        

        
          
            
              	Material
              	Relative Permittivity
            

          
          
            	Epoxy
            	3.5 ~ 4.5
          

          
            	Polytetrafluoroethylene (PTFE)
            	2.0
          

          
            	Mica
            	2.5 ~ 7.0
          

        

        

      

      
        3.2 Results of Electromagnetic Field Analysis
        The electromagnetic field analysis simulation used the ANSYS Electronics program, and the point of the maximum electric field (Max. E Field) can be examined in the solution data. For the insulation gasket from advanced overseas manufacturers, the strongest electric field, measuring 1,448.7 [kV/m], was formed within the mica mixed between two Epoxy G-10 layers. In contrast, for the proposed insulation gasket, the electric field was concentrated on the PTFE portion inserted within the Epoxy G-10, and was recorded at 804.9 [kV/m], indicating a lower electric field compared to the advanced overseas manufacturer's gasket. This suggests that the proposed insulation gasket structure provides stable insulation performance. Figure 7 depicts the electromagnetic field analysis results for the advanced overseas manufacturer’s, insulation gaskets, and Figure 8 illustrates the results for the proposed insulation gasket.
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            Electric Field Distribution of the Advanced Manufacturer's Insulation Gasket
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            Electric Field Distribution of the Proposed Insulation Gasket
          
          

          

        

      

    

    

  
    
      4. Insulation Performance Test Results
      
        4.1 Test Items and Test Methods
        Comparative tests were conducted to assess the insulation performance. These included insulation resistance measurement tests, polarization index measurement tests, partial discharge measurement tests, and withstand voltage breakdown tests. In the insulation resistance measurement tests, a direct current (DC) of 1,500 V was applied and the values were measured after 1 min. In the tests to measure the polarization index measurement tests a DC of 1,500 V was applied, the values were measured after 1 and 10 min, and the polarization index was calculated. In the partial discharge measurement tests, the partial discharge inception voltage was determined, whereas in the withstand voltage breakdown tests a voltage was applied until insulation breakdown occurred, whereby the breakdown voltage was measured. Table 2 summarizes the test items and the methods used.

        
          Table 2: 
				
          

          
            Test items and test methods
          
          

        

        
          
            
              	Test items
              	Test method
            

          
          
            	Insulation resistance
            	- Measurement of the value after applying DC 1500 V for 1 minute
          

          
            	Polarization index
            	- Measurement of values after applying DC 1500 V for 1 minute and 10 minutes
* Polarization index = Insulation resistance value after 10 minutes / Insulation resistance value after 1 minute
          

          
            	Partial Discharge
            	- Measurement of the voltage at which partial discharge occurs abruptly
          

          
            	Breakdown voltage
            	- Applying voltage continuously to measure the breakdown voltage of insulation
          

        

        

      

      
        4.2 Sample Installation and Testing Equipment
        Two samples were fabricated, each of which was inserted between two flanges of the same material and size. One sample featured an insulation gasket from a leading overseas manufacturer and the other featured the proposed insulation gasket. The tests conducted included insulation resistance measurements, polarization index measurements using Megger's MIT1525, partial discharge testing using Tettex's Midas2881g and Haefely's DDX 9121b, and breakdown voltage testing using Tettex's Midas2881g. Figure 9 shows photographs of the insulation resistance and polarization index testing, whereas Figure 10 displays photographs of the partial discharge and breakdown voltage tests.
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            Insulation resistance test and polarization index test
          
          

          

        

        
          
          

          Figure 10: 
				
          

          
            Partial discharge test and breakdown voltage test
          
          

          

        

      

      
        4.3 Test Result
        Table 3 lists the measured values for each test item. The insulation resistance value of the insulation gasket from the advanced overseas manufacturer was 146.3 GΩ, while the proposed insulation gasket was improved to 430.0 GΩ. The polarization index of the insulation gasket from an advanced overseas manufacturer was 1.21, whereas that of the proposed insulation gasket was improved to 1.72. It was confirmed that the partial-discharge inception voltage and insulation breakdown voltage were almost the same.

        
          Table 3: 
				
          

          
            Measured values for each test items
          
          

        

        
          
            
              	Measured values for each test item
              	Advanced overseas manufacturer Insulation Gasket
              	Proposed Insulation Gasket
            

          
          
            	Insulation Resistance [GΩ]
            	146.3
            	430.0
          

          
            	Polarization Index
            	1.21
            	1.72
          

          
            	Partial Discharge inception voltage [kV]
            	3.13
            	3.06
          

          
            	Breakdown Voltage [kV]
            	6.26
            	6.20
          

        

        

      

    

    

  
    
      5. Conclusion
      In this paper, a structure for enhancing the insulation performance of insulation gaskets for piping systems in shipbuilding and offshore plants is proposed. A comparative 3D modeling and electromagnetic field analysis were conducted to compare the structures of widely used insulation gaskets from advanced overseas manufacturers with those of the proposed insulation gasket. The electromagnetic field analysis results indicated that the proposed structure exhibited a lower maximum electric field strength, demonstrating stable performance in terms of insulation. Real-world tests with the installed gaskets showed an approximately three-fold improvement in insulation resistance and a 1.4-fold improvement in the polarization index compared to the values obtained with the widely used insulation gasket. In the future, I plan to investigate the extent of insulation improvement in insulation gaskets with different specifications that are being commercialized.
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