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Abstract  
The performance of a three-layer metal gasket is affected by the 
contact width between the gasket surface and the rough flanges. In 
the simulation, proper flange roughness modeling will make it easier 
to predict the gasket performance later. The surface roughness 
modeling in the simulation will be compared with experimental 

measurements to determine how much contact occurs due to the 

rough flange surface. Experimental measurement of real contact 
width using a digital microscope and simulation using finite element 
software. The measurements between the simulation results of the 
real surface roughness model and the experimental results show 
that they are close to the same. So it can be said that our simulation 
model is close to the actual conditions. 
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INTRODUCTION 

A gasket is a component that is placed 
between the flange connections in the piping 
system, which aims to prevent leakage, which is 
affected by imperfections on the flange surface. 
One of the gaskets that are widely used in metal 
gaskets. Previous studies have shown that the 
performance of metal gaskets is influenced by 
width when contact, large stress when contact 
[1], and load per length unit [2]. So the 
researchers tried to optimize these parameters to 
improve the gasket's sealing performance in 
minimizing leakage. 

Another study also stated that the 
performance of gaskets was influenced by the 
surface roughness of the flange and gasket. It 
stated that with the increase in surface 
roughness, the contact width value decreased, 
thereby reducing the performance of the gasket 
[3]. 

Due to the surface roughness effect, when 
the flange is in contact with the gasket due to the 
effect of the clamping/tightening force, the rough 
surface of the flange will cause the gasket to be 
plastically deformed, which shows the width of 

contact. This is the effective width of the gasket 
in contact with the flange, and the real contact 
width prevents leakage. Therefore, several 
researchers conducted a study of this real 
contact width to find out the minimum contact 
width needed to avoid leakage, which is 
influenced by the surface roughness of the flange 
with several methods of measuring contact width 
[4, 5, 6] and contact stress measurement [7]. 
However, most real-contact measurements are 
carried out experimentally, which is costly and 
time-consuming. 

With the development of computer 
technology and software today, it is possible for 
researchers to model the real condition of the 
gasket contact and provide analysis more quickly 
and more economically [8, 9, 10, 11, 12, 13, 14, 
15, 16]. But, of course, to be surer that 
calculations or experiments [17, 18, 19, 20, 21, 
22]. The model can represent the actual case 
conditions. Analytical, this study must validate the 
results. The researcher wants to look into how 
the flange's surface roughness affects the actual 
width of contact of the three-layer gasket, by 
modelling it using FEM software. The simulation 
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modelling results are also validated with 
experimental results in the form of photos digital 
microscopes. With this validation process, it is 
hoped that in the future, using a simulation 
model, the author can predict the actual width of 
contact for various degrees of surface roughness. 
 
METHOD 
Material 

The gasket was constructed with SUS304 
as the base material, three layers of oxygen-free 
copper (C1020) as the surface layer, and no 
bonding. Die dimensions are based on SUS304's 
ideal design for a single material, which has a 
400 MPa and 0 MPa mode. Figure 1 depicts the 
material gasket before to the forming process 
and the gasket following the forming process. 

 
Methods 

The surface roughness has an impact on 
sealing effectiveness as well. Figure 2 depicts the 
measurement configuration for the flange surface 
roughness. The surface roughness was 
measured using a Handy Surf E-35B. In order to 
prevent experimental error caused by the surface 
roughness, the apparatus was first calibrated. 
Then, in accordance with the measurement 
conditions, the measuring range, evaluation, limit 
value, and recording magnification are 
automatically determined to get the optimum 
value. The measurement circumstances, 
parameter values, and profile data curve will be 
delivered immediately to the personal computer. 
 

  
(a) (b) 

Figure 1. Material metal gasket (a) before forming 
(b) after forming 

 

 
Figure 2. The setup to measurement Surface 

roughness [5] 

Microsoft Excel was used to modify the 
data. The output findings acquired, including the 
roughness curve, are the average surface 
roughness Ra, the maximum surface roughness 
Rz, and other characteristics. Figure 3 displays 
an illustration of the surface roughness 
measuring findings. The average surface 
roughness (Ra) of the flanges employed in this 
investigation is 2.5 mm and 3.5 mm. Using 
SolidWorks software, this data was utilized to 
depict the actual flange surface roughness.  

To explain the contact mechanism 
between metal gaskets of size 25A and rough 
flanges, a simulation analysis was done. This 
method allows for determining the link between 
the surface roughness, contact stress, and 
contact breadth parameters. Gaskets are created 
in research using press moulds. There are beads 
arranged along the edge. The beads on both of 
the gasket's faces become elastic when the 
flanges tighten the gasket. On both sides of the 
flange, the rough surface is presumptive. The 
bottom and upper sides of the gasket surface are 
in contact with the flange, which forces the 
gasket axially. The flange was made of SS400, 
the core was made of SUS304, and the surface 
was made of C1020. Specific material 
characteristics are listed in Table 1. 

In this study, the surface roughness was 
modeled using CAD software based on the 
measurement results of the handy Surf E-35B. 
The flange surface roughness is modeled based 
on both Ra, and RSM data. The height of the 
asperities is described based on the average 
roughness, and the RSM data depict the surface 
roughness wavelength. 

 

 

Figure 3. The curve of roughness 
 
. Table 1. Material properties  

Materials Nominal 
Stress 

(σ) 
(Mpa) 

Tangent 
Modulus 

(Mpa) 

Elasticity 
Modulus 

(E)  
(Gpa) 

Poisson 
ratio  
(ν) 

SUS304 398.83 1900.53 210 0.3 
SS400 240 1000 206 0.3 
C1020 195 1360 136 0.31 
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With the aid of FEM software MSC. Marc, 
the elastoplastic behavior of the gasket is 
estimated. The condition of loading is shown in 
Figure 4. In our study, compression displacement 
in the axial direction on the gasket between the 
upper and lower dies and flange with a 
continuous rising step of displacement is 
implemented using two-dimensional 
axisymmetric solid elements of isoparametric 
quadrilateral type 10.  

Figure 5 illustrates the J2-deformation 
theory of Mises' yield criteria for bilinear stress-
strain behavior, which is used in our work to 
characterize the material. The material is 
assumed to follow isotropic linear strain 
hardening. The Newton-Raphson approach is 
employed to solve the equilibrium equations 
made up of finite strain plasticity with the 
multiplicative decomposition of the deformation 
gradient during our nonlinear analysis using the 
iterative process. 

The contact stress value in the horizontal 
position can be used to simulate the contact 
width. No contact is defined as a contact stress 
value of 0 MPa, elastic contact is defined as a 
contact stress value between 0-195 MPa, and 
plastic contact is defined as a contact stress 
value over 195 MPa. According to Figure 6, the 
actual contact width is calculated by multiplying 
the number of vertices having plastic contact 
stress by the element's diameter. 

The contact stress and width were 
obtained from the simulation results in four 
stages. The first stage uses SolidWorks software 
to describe 2-D models of flanges and gaskets. 
Image files are saved in the form of IGES files. 
The second stage is the meshing process by 
utilizing the HyperMesh software. Gasket and 
flanges are modeled on a rectangular mesh, 
stored as NAS files. 

 

 
Figure 4. Analysis model 

 

Figure 5. Linear strain hardening model 

 
Figure 6. Contact width 

 
Then the data is exported into MSC-marc 

software for pre-processing and running the 
model. This is the third stage. In the fourth stage, 
the output file from the FEA software is converted 
to a TXT file which Microsoft Excel then 
processes to get results containing the contact 
status, contact width, contact stress and force at 
any time at each position.  

Three-layer sheet metal is seen in Figure 
7, with Ts denoting the thickness of the surface 
layer, Tb denoting the thickness of the base 
metal, and Tg denoting the overall thickness of 
the gasket. The settings for gasket material, 
flange, and curve are shown in Figure 8. Figure 8 
also depicts the creation of gaskets using dies 
that mimic a press mould. The contact between 
the surface layer (C1020) and the base metal 
(SUS304) is not fixed. 

The deformable bodies were assumed on 
the gasket and the flange. Figure 9 represents 
the gasket tightening process by the flange. 

In this simulation, the thickness ratio 
[Ts/Tg] fluctuates for the 0MPa mode at 0.1/1.2, 
0.2/1.2, and 0.4/1.2. For the 400MPa mode, 
0.1/1.5, 0.2/1.5, 0.4/1.5, and 0.5/1.5. 

 

 

Figure 7. Three-layer sheet metal 
 

Figure 8. Forming simulation 
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Figure 9. Tightening simulation 

 
RESULTS AND DISCUSSION 

Surface gaskets were examined to 
determine the actual contact width that really 
happened following the leak test using the helium 
leak test. A gasket and flange are shown in 
contact in Figure 10 and after contact. On the 
convex side of the gasket, a groove is produced, 
as shown in Figure 10(b). This occurs as a result 
of the flange surface's roughness during the 
tightening procedure. 

The digital microscope from the VH-Z250 
series is set up in Figure 11 to measure contact 
width. 150X magnification is employed. The 
overall width of the groove as illustrated in 
determines the actual breadth of contact between 
the gasket and the flange (1). 

 
  (1) 

 
Figure 12 shows the contact width of the 

simulation results for the 0MPa mode gasket for 
a flange surface roughness of 2.5μm and 3.5μm 
at an axial force of 120kN. Meanwhile, Figure 13 
shows the contact width of the simulation results 
for the 400MPa mode gasket for the flange 
surface roughness of 2.5μm and 3.5μm at an 
axial force of 120kN. 

Due to the fact that both inner corrugated 
sections 2 and 3 of the surface layer gasket 
impact the sealing effectiveness, we assessed 
them based on the results of the previous study. 
 

  
      (a)                                     (b) 

Figure 10. Gasket contact to flange (a) contact 
condition and (b) while in touch [5] 

 

 
Figure 11. Digital microscope VH-Z250 [5] 

 
Figure 12. Contact width for gasket 0MPa mode 

at axial force 120kN [simulation result]. 
 

 
Figure 13. Contact width for gasket 400MPa 

mode and at axial force 120kN [simulation result]. 
 

These corrugated parts have longer 
contact widths and higher contact stress 
compared with corrugated portions 1 and 4 [5]. 

Figure 14 shows a photo showing a groove 
formed (dark part) on one part representing the 
surface of the 0MPa mode gasket after contact 
with the flange, which has a roughness of Ra 
2.5μm, and Figure 15 for Ra 3.5μm. While the 
gasket mode 400MPa is shown in Figure 16 and 
Figure 17. Based on the photo, with the existing 
software facilities on the Digital microscope VH-
Z250, the width of the groove formed can be 
measured. The surface layer gasket's actual 
contact width may then be calculated using (1). 

Following the picture measurements, the 
actual contact width is displayed as a bar chart, 
as seen in Figure 18 for a 0MPa gasket. For the 
gasket three-layer no bond concept, a higher 
thickness ratio results in a smaller contact width. 
The largest true contact width, for instance, is 
demonstrated by a gasket with a thickness ratio 
of 0.1/1.2. Additionally, the contact breadth varies 
somewhat between the two surface roughnesses. 
It means that for three-layer gaskets, the impact 
of surface roughness is negligible. 

 



p-ISSN: 1410-2331  e-ISSN: 2460-1217 

 

I. M. G. Karohika and S. Haruyama, The real contact width evaluation of three-layer metal … 315 

 

 
Figure 14. After contact, the gasket's surface 

roughness is 0-MPa for Ra 2.5 m. 
 

 
Figure 15. After contact, the gasket's surface 

roughness is 0-MPa for Ra 3.5μm 
 

 
Figure 16. After contact, the gasket's surface 

roughness is 400-MPa for Ra 2.5 m. 

 
Figure 17. Surface roughness of the gasket at 

400 MPa following contact for Ra 3.5 m 
 

 
Figure 18. Results of the actual contact width 
experiment for all levels of the flange's real 

surface roughness model at all thickness ratios 
[0MPa-mode] 

 
As illustrated in Figure 19, the true contact 

width for the 400MPa gasket, which was 
determined from the picture measurements, is 
displayed as a bar chart. For the gasket three-
layer no bond concept, a higher thickness ratio 
results in a smaller contact width. The largest 
true contact width, for instance, is demonstrated 
by a gasket with a thickness ratio of 0.1/1.5. The 
contact breadth between the two surface 
roughnesses is slightly varied. It means that for 
three-layer gaskets, the impact of surface 
roughness is negligible. 

Figure 20 and Figure 21 compare the 
contact width between simulation and experiment 
for three-layer gaskets operating in 0 MPa and 
400 MPa modes. These figures indicate a trend 
in the contact width that is comparable. In 
comparison to the gasket 0MPa mode, the true 
contact width for the gasket 400MPa mode was 
greater. The effect of surface roughness is 
minimal. 
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Figure 19. Results of the actual contact width 
experiment for all levels of the flange's real 

surface roughness model and all thickness ratios 
(400 MPa mode) 

 

 

Figure 20. Contact width variations between 
simulation and experiment in the gasket 0MPa 

mode 
 

 
Figure 21. Contact width variations between 

simulation and experiment in the 400 MPa mode 
 

 

Table 2 and Table 3 show the simulation 
and experimental results for the 0-MPa gasket 
mode, for the surface roughness Ra 2.5μm and 
Ra 3.5μm. According to Table 4, the overall 
difference in real contact width measurement 
between the experiment's data and the 
simulation's data for the gasket's 0-MPa mode is 
5.62%.  

Table 5 and Table 6 show the simulation 
and experimental results for the 400-MPa gasket 
mode, for the surface roughness Ra 2.5μm and 
Ra 3.5μm. 

 
Table 2. Gasket 0MPa mode, Ra 2.5 modeling 

results and experiment differences 

  Ra 2.5 

  0.1/1.2 0.2/1.2 0.4/1.2 

Simulation 
result (μm) 440 440 300 

Experimental 
result (μm) 467.8375 450.19125 330.5225 

Differences 
(%) 5.95 2.26 9.23 

Average % 5.82 

 
Table 3. Gasket 0MPa mode, Ra 3.5 modeling 

results and experiment differences 

  Ra 3.5 

  0.1/1.2 0.2/1.2 0.4/1.2 

Simulation 
result (μm) 440 440 300 

Experimental 
result (μm) 414.8475 407.89875 293.1 

Differences 
(%) 6.06 7.87 2.35 

Average % 5.43 

 
Table 4. The total average discrepancies 

between the experiment's gasket 0MPa mode 
and simulation results 

  Ra 2.5 Ra 3.5 

Average % 5.82 5.43 

Total Average % 5.62 

 
Table 5. Contact width differences between 

simulation results and experiment results for the 
400 MPa mode, Ra 2.5 

  Ra 2.5 

  0.1/1.5 0.2/1.5 0.4/1.5 0.5/1.5 

Simulation 
result (μm) 620 540 400 380 

Experimental 
result (μm) 649.13 521.0154 479.54 460.53 

Differences (%) 4.49 3.64 16.59 17.49 

 Average % 10.55 
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Table 6. Contact width differences between 
simulation results and experiment results for the 

400 MPa mode, Ra 3.5 

  Ra 3.5 

  0.1/1.5 0.2/1.5 0.4/1.5 0.5/1.5 

Simulation 
result (μm) 620 540 400 320 

Experimental 
result (μm) 615.5 555.56 409.36 343.57 

Differences 
(%) 0.73 2.80 2.29 6.86 

 Average % 3.17 

 
Table 7. The total average discrepancies 

between the experiment's gasket 400MPa mode 
and simulation results 

  Ra 2.5 Ra 3.5 

Average % 10.55 3.17 

Total average % 6.86 

 
However, Table 7 listed the comparison 

of the experiment and simulation results for the 
gasket 400-MPa mode, reveals a total variance in 
true contact width measurement of 6.86%. Using 
these data, we may utilize simulation modeling to 
simulate the flanges' surface roughness and 
estimate the actual contact width of the resultant 
contact, reducing the expense and duration of 
experimental testing. 
 
CONCLUSION 

As previously stated, the goal of this study 
is to model the 3-layer gasket using FEM 
software and experimental data in the form of 
photographs in order to ascertain its actual 
contact width, which is influenced by the flange's 
surface roughness. It is derived from a simulation 
that demonstrates that the contact width of a 
three-layer gasket in 400MPa mode is greater 
than that in 0MPa mode. We can say that our 
simulation model comes close to the real model 
since the overall measurement disparities 
between the simulation result using the real 
surface roughness model and the experimental 
result are negligible. Therefore, in the future, the 
real surface roughness can model using 
simulation to get the real contact width result. 
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