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Abstract. Contact width is important design parameter for optimizing design of new metal gasket. 

The contact width was found have relationship with helium leak quantity. Increasing axial force, the 

contact width will increase and helium leakage will decrease. This study we conducted the surface 

roughness evaluation of 25A-size metal gasket before and after use. The results denote the real 

contact width after contact with flange having different surface roughness. The real contact width for 

the flange having smoother surface roughness is wider than the rougher one. 

Introduction 

As a replacement for gaskets containing asbestos material, many researchers have studied the use of 

metal gasket materials. Saeed et al. studied a new 25A-size corrugated metal gasket that was 

developed as an asbestos gasket substitute. The gasket had a metal spring effect and produced high 

local contact stress to create a sealing line with a flange. The results showed that the contact stress and 

contact width were important design parameters for optimizing the gasket performance [1]. 

Haruyama et al. [2] continued this research. The size limit of the contact width as a gasket design 

parameter was investigated. Comparing the results of FEM analysis of the relationship between the 

clamping load of the flange and the contact width with experimental results for the clamping load and 

leakage clarified the contact width with no leak for the new 25A-size metal gasket. Based on this 

result, the contact width can be used as a main parameter to optimize the gasket design. The leakage 

can be reduced by increasing the contact width. Nurhadiyanto et al. [3] used FEM to study the 

optimization of gasket design based on an elastic and plastic contact stress analysis by considering the 

forming effect. A helium leakage test showed that a gasket based on a plastic contact stress design was 

better than a gasket based on an elastic stress design.  

The characteristic becoming important in next development target of new metal gasket is a 

function to prevent a leak depending on use a surface roughness standard. Leakage is a function of 

surface roughness [4]. If surface roughness increase, leakage also increases. Haruyama et al. [5] 

studied a contact width, contact stress, and force per unit length for gasket in contact with a flange 

having different surface roughness levels using FEM. A smoother of surface roughness has higher 

slope for force per unit length. The higher slope suggests that the gasket and flange are pressed 

together strongly.  Based from the reason, the aim of this study is determine the surface roughness of 

a flange contact with metal gasket. It realized by experimental analysis to check the contact width 

after tightening process according to surface roughness of flange. After the axial force applied, the 

grooves will be formed in the gasket adjusted the shape of the flange roughness. Focus of this study is 

investigated the total number of grooves width formed in a gasket. The total number of grooves width 

is the real contact width during the tightening. 
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Material and Method 

The gasket used in this research is circumference beads gasket. The shape of gasket is produced by 

mold press. When a gasket is tightened to the flange, each bead of both surfaces created elastic effect 

and produce high local contact stress to prevent leakage. The dimension of gasket used is standard 

dimension based on JISB2404 [6] with 1.45 mm of gasket thickness. The gasket material was 

SUS304 due to its effectiveness in high-temperature and high-pressure environment. In order to 

ensure the properties of the material, SUS304 was initially validated using tensile test carried out 

based on JISZ2241 [7]. From the tensile test result, the nominal stress of SUS304 was 398.83 MPa, 

the tangent modulus was 1900.53 MPa and the modulus of the elasticity (E) was 210 GPa. 

The general-purposed flange based on JISB2220 [8] with 10 K pressure and 25A diameter used in 

this test. The lower flange and the joint were welded carefully to avoid a distortion, the information of 

this gasket completely in [4]. Types of flange based on the average surface roughness, are 1.5μm, 

2.5μm, and 3.5μm. The new 25A-size metal gasket with corrugated shape was used in this test. In this 

research, two types of gasket and three levels of flange surface roughness were investigated. Types of 

gasket, based on elastic and plastic design, are 0-MPa and 400-MPa mode, the information of this 

gasket completely in [4]. 

The previous study confirmed that if surface roughness is increased the leakage will decreased. 

The simulation in the previous study proved that smoother of surface roughness will increase the 

contact width [5]. The points of measurement are performed at two point of contact width, which are 

convex number 2 and 3. Because this part is effective for avoiding leak is taken as evaluation part as 

explained in [5]. The digital microscope VH-Z250 series with 500x magnification was used to 

measure the contact width parameter of the proposed the 25-A size metal gasket. Using the 

microscope we can measure the width of grooves which is the real contact width between the flange 

and the gasket. 

 
(a) contact condition                             (b) after contact condition 

Fig. 1 Gasket and flange in contact and after contact condition 

There are grooves in the gasket after contact with flange, see Fig.1. The tightening process is 

carried out based on the axial force. Tightening the flange using bolts can cause to high local contact 

stress on the convex section of the gasket. Groove will be formed in the gasket as an illustration of 

pressure distribution profile that occurred between the two surfaces. Focus of current study was to 

observe the width of the groove formed in the gasket. The total number of grooves width is a real 

contact width between gasket and flange, see equation (1). 



Results and Discussion 

As a mentioned above, we measured two places of gasket, which are convex number 2 and convex 

number 3, because both convex were similar character and very influence for leakage process. Both of 

these convex have the higher contact stress and wider contact width compare with convex number 1 

and convex number 4.  
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     (a) Surface roughness of gasket before contact (b) Surface roughness of gasket after contact with  

     flange having surface roughness 1.5μm 

   

        

  (c) Surface roughness of gasket after contact with   (d) Surface roughness of gasket after contact with  

       flange having surface roughness 2.5μm                  flange  having surface roughness 3.5μm 

Fig. 2 Grooves formed conditions for gasket 400-MPa mode 

Fig. 2 shows the surface roughness condition of gasket 400-MPa mode before and after contact 

with flange. The surface roughness of gasket before contact with flange is shown in Fig. 2(a). There 

were no grooves in the gasket surface. The surface roughness of gasket after contact with flange 

having surface roughness 1.5μm, 2.5μm, and 3.5μm, respectively, are shown in Fig. 2(b), (c), and (d). 

There were grooves in the gasket surface. The grooves formed because of the tightening process 

between upper and lower rough flange. Based from the figures, we got the real contact width between 

gasket and flange. The real contact width is the total number of grooves width as described in equation 

(1). More detail for the real contact width for gasket 400-MPa mode contact with flange shown in 

Table 1. 

Fig. 3 shows the surface roughness condition of gasket 0-MPa mode before and after contact with 

flange. The surface roughness of gasket before contact with flange is shown in Fig. 3(a). There were 

no grooves in the gasket surface. The surface roughness of gasket after contact with flange having 

surface roughness 1.5μm, 2.5μm, and 3.5μm, respectively, are shown in Fig. 3(b), (c), and (d). There 

were grooves in the gasket surface. Based from the figures, we got the real contact width between 

gasket and flange. More detail for the real contact width for gasket 0-MPa mode contact with flange 

shown in Table 2. 
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    (a) Surface roughness of gasket before contact (b) surface roughness of gasket after contact with  

     flange having surface roughness 1.5μm 

      

  (c) surface roughness of gasket after contact with    (d) surface roughness of gasket after contact with 

       flange having surface roughness 2.5μm                  flange  having surface roughness 3.5μm 

Fig. 3 Grooves formed conditions for gasket 0-MPa mode 

Table 1. Contact width result for 400-MPa gasket mode 

Ra 1.5 μm Ra 2.5 μm Ra 3.5 μm 

Convex 2 Convex 3 Convex 2 Convex 3 Convex 2 Convex 3 

17.49 19.67 24.04 13.11 8.74 21.86 

25.14 26.23 26.23 14.21 17.49 20.77 

21.86 32.79 30.6 18.58 19.67 19.67 

26.23 20.77 28.42 32.79 20.77 19.67 

21.86 27.32 26.23 30.27 21.86 18.58 

24.04 26.23 31.69 28.85 19.67 18.58 

27.32 28.42 29.18 22.13 21.86 20.77 

29.51 26.23 25.9 28.85 21.86 20.77 

25.14 27.32 22.62 20.27 18.58 19.67 

29.51 28.42 

 

30.6 15.3 15.3 

25.14 32.79 

 

   

17.49 12.79 

 

   

273.24 308.98 244.91 239.66 185.8 195.64 

Average: 291.11 Average: 242.285 Average: 190.72 

 

Table 1 shows the real contact width results for the gasket 400-MPa mode after contact with flange 

having surface roughness 1.5μm, 2.5μm, and 3.5μm, respectively, for all levels surface roughness. 

The gasket contact with flange having surface roughness 1.5μm shows the widest real contact width 

both for convex number 2 and 3. The average contact width for convex number 2 and 3 is 291.11μm. 
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The gasket contact with flange having surface roughness 3.5μm shows the shortest real contact width 

both for convex number 2 and 3. The average contact width for convex number 2 and 3 is 190.72μm. 

This result is in line with the simulation result in [5]. Correspond the statement above and based on 

the real contact width measurement flange having surface roughness 1.5μm is the best flange for 

decrease leakage and flange having surface roughness 3.5μm is worst for decrease leakage. It means 

that the smoother surface roughness will decrease the leakage for the gasket 400-MPa mode. 

Table 2 shows the real contact width results for the gasket 0-MPa mode for all levels surface 

roughness. The gasket contact with flange having surface roughness 1.5μm shows the widest real 

contact width both for convex number 2 and 3. The average contact width for convex number 2 and 3 

is 235.71μm. The gasket contact with flange having surface roughness 3.5μm shows the shortest real 

contact width both for convex number 2 and 3. The average contact width for convex number 2 and 3 

is 155.2μm. This result is in line with the simulation result in [5]. Correspond the statement above and 

based on the real contact width measurement, flange having surface roughness 1.5μm is the best 

flange for decrease leakage and flange having surface roughness 3.5μm is worst for decrease leakage. 

It means that the smoother surface roughness will decrease the leakage for the gasket 0-MPa mode. 

Table 2. Contact width result for 0-MPa gasket mode 

Ra 1.5 μm Ra 2.5 μm Ra 3.5 μm 

Convex 2 Convex 3 Convex 2 Convex 3 Convex 2 Convex 3 

14.21 20.04 25.14 22.95 20.77 28.42 

16.39 20.77 30.8 29.51 22.95 22.95 

20.77 20.77 34.97 25.14 21.86 25.14 

29.51 20.77 26.23 31.69 19.67 27.32 

27.32 25.14 27.32 26.23 21.86 18.58 

27.32 25.14 20.77 26.23 20.77 20.77 

24.04 31.69 12.02 12.02 16.39 22.95 

26.23 32.79     

30.6 22.95     

16.39 18.58     

232.78 238.64 177.25 173.77 144.27 166.13 

Average: 235.71 Average: 175.51 Average: 155.2 

 

Using Table 1 and 2, we compared the leakage performance of the gasket 400-MPa mode and the 

gasket 0-MPa mode based on the real contact width. The real contact width for the gasket 400-MPa 

mode is wider than the gasket 0-MPa mode for each gasket contact with flange having surface 

roughness 1.5μm, 2.5μm, and 3.5μm, respectively. It means that the leakage performance for the 

gasket 400-MPa mode is better than the gasket 0-MPa mode. 

Fig. 4 shows the contact width between gasket and flange for all levels surface roughness. It is very 

clear that the real contact width between flange and gasket 400-MPa mode is wider than gasket 0-MPa 

mode. As explanation above, for the same gasket, the real contact width between gasket and flange 

having surface roughness 1.5μm is widest than the others. The real contact width between gasket and 

flange having surface roughness 3.5μm is shortest than others. 

 

Fig. 4 Contact width for all levels surface roughness of flange and all types of gasket 
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Conclusions 

This study has given a clear view on the real contact width between the gasket and the flange, which 

have an important influence on the leakage performance. In addition, comparison made with the 

surface roughness, serves as visible proof that the proposed surface roughness brought several 

improvements. 

From the experiments conducted, the following conclusions can be drawn: 

(1) The real contact width for the gasket 0-MPa mode contact with flange was lower than the gasket 

400-MPa mode contact with flange. 

(2) The gasket contact with flange having surface roughness 1.5μm shows the widest real contact 

width both for the gasket 400-MPa mode and the gasket 0-MPa mode. The gasket contact with 

flange having surface roughness 3.5μm shows the shortest real contact width both for the gasket 

400-MPa mode and the gasket 0-MPa mode. 
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