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Abstract
Gaskets are components that play a very important role in piping connections to prevent leakage. Several factors affect the
performance of the gasket, one of which is the contact surface of the flange. The quality of the contact surfaces in the connection also
influences the leakage rate of each connection, therefore the gasket sealing performance is assessed by the rate of leakage that occurs.
As a result, the surface roughness of the flange has an effect on sealing. This study examines the capability of a three-layer corrugated metal gasket to prevent leakage when the outside layer thickness and flange roughness are adjusted. The feature of three-layer
corrugated metal gasket was elucidated using the finite element analysis (FEA) and experimental method. The leak rate was tested
using a helium leak quantity test experimentally. The gasket was constructed with oxygen-free copper (C1020) as the outside layer and
SUS304 as the base layer, and it was structured in a three-layer pattern with no bonding. A mold press was used to make the gasket.
The simulation method applies finite element analysis software to investigate the correlation between contact stress, contact width,
surface thickness and surface roughness. The projected results matched the experiment results fairly well. A three-layer corrugated
metal gasket shows improvement capability to prevent leakage than a single gasket (standard). The gasket three-layer shows sealing
performance improvement that leakage did not occur in low axial force 40 kN for all surface roughness test. In terms of sealing,
a three-layer gasket with a low thickness ratio works well. Surface roughness of the flange has no influence on the three-layer gasket.
Keywords: leakage, performance, surface, roughness, contact width, contact stress, thickness, sealing, gasket, corrugated.
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1. Introduction
A bolted flange connection is a complicated mechanical system with components that must
be carefully chosen and constructed to enable dependable sealing under a variety of operating circumstances. The proper operation of the joint depends on all of the numerous components of the
completed bolted flange connection [1–5].
The pipework, or vessels, the flanges, gaskets, and bolts are the components. The design and
assembly of the joint, in addition to the components themselves, are crucial to the joint’s long-term
performance. The combination of the use of FEM and experimental testing has been widely used
to determine the effect of several factors on the performance of gaskets, such as the use of PTFE
gasket material which is influenced by external bending moment and internal pressure [6], acoustic
method to measure leakage [7]. Measurement of contact stress by comparing the results of FEM
with pressure sensitive paper [8, 9], the use of various types of gas to measure leakage in the packing
ring [10], the effect of compressive stress, medium pressure and surface topography (gasket surface
roughness) on the leakage rate [11]. The effect of flat gasket thickness on deformation [12] and the
use of ANSYS software to test the effectiveness of the PPNC method as a measure of flat gasket
performance [13]. A gasket is used to produce and maintenance a static seal between two flanges
that link a series of mechanical components and hold a range of fluids (liquids and/or gases) [14].
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The simulation approach has long been used as a dependable tool for conducting many
types of digital tests. Before any manufacturing movements are made, the performance and cost of
additives can be regulated. The benefit of numerical simulation is that structural changes that must
adhere to a preferred specification or output can be performed immediately, and the simulation can
be rerun multiple times until the desired result is achieved. In addition to numerical evaluations, experimental work is required to validate affirmative requirements. Because numerical observation is
an assumed approach, a great deal of research has gone into determining the source of this disparity, which is a serious flaw in numerical simulation not only in the seal, gasket simulations [15, 16],
but also in other simulation domains.
The condition of the contact surface between the flange and the gasket influences the sealing performance of the gasket, which decreases as the smoothness of the contact surface decrea
ses [17, 18]. Efforts to improve gasket performance are carried out either by coating [19–21], laminating [22], or redesigning [23]. Based on this, in this study, let’s try to improve the performance of
the gasket from previous studies [17] by layering the outside with cooper which is also influenced
by the surface roughness of the flange so that the performance of the three-layer gasket is indeed
better than the previous gasket.
2. Materials and methods
2. 1. Gasket simulation
The contact mechanism between the 25A-size metal gasket and the rough flange was described by a simulation study. The link between the surface roughness and surface thickness parameter to the contact stress, as well as the contact width, was determined using this method.
A mold press was used to create the gasket for this experiment. The gasket section consists of a curved
shape and a flat shape. The flat sides of the gasket produced an elastic action when it was tightened
to the flange. On both sides of the flange, it was believed to be rough. The gasket was pushed in an
axial direction by the flange. SUS304 was chosen as the base layer gasket. The outside layer was
made of C1020, and the flange was made of SS400. Table 1 shows the material qualities in detail.
Table 1
Material engineering data used in simulation analysis
Materials

Nominal Stress (σ), MPa

Tangent Modulus, MPa

Modulus of Elasticity (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

In this study, the flange with 2 surface roughness values: 2.5 μm and 3.5 μm. The flange
roughness was modeled base on average roughness (Ra) measurement data from a Handysurf E-35B.
Using FEM, MSC Marc. Software, the elastoplastic behavior of the gasket is computed. The
loading condition is shown in Fig. 1. The upper and lower dies and flange displacement is in the
axial direction on the gasket with a continuous increasing step of displacement UX is implemented.
The calculation using 2 dimensional analysis, axisymmetric solid components, isoperimetric quadrilateral type 10.
In this study, the material model use linear hardening law (Fig. 2). The contact width calculated by multiplying the amount of nodes with contact stress in plastic condition by the element
size (Fig. 3). If the node contact stress is 0 MPa, indicates there is no contact. If the node contact
stress between of 0‑195 MPa indicates elastic contact. The value of contact stress of 195 MPa and
bigger indicates plastic contact.
To begin, Solidworks software was used to create 2 dimensional parametric models of the
flange and gasket. Hypermesh is applied to create automatic meshing on gaskets and flange mo
dels imported from Solidworks. Because the gasket and flange part has a rectangular portion, let’s
select a quadrilateral mesh. The procedure file was set up to pre-process the data and run the model
on MSC MARC software. Following the completion of the FEM analysis, a TXT file with the
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analysis findings can be generated. At each peak point, the result provides the contact status, contact width, contact stress and force. A multi-step MACRO command is used to calculate the contact
width vs the loading force at each peak positions.
Rigid body
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Upper flange

Deformable body

Ux

Gasket
(Deformable body)

-Ux

Deformable body

-Ux

Upper dies
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Lower dies
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Fig. 1. Analysis model
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Fig. 2. Material model
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Fig. 3. Horizontal contact stress
Fig. 4 depicts a three sheet metal structure with Ts standing for outside layer thickness,
Tb for base metal thickness, and Tg for total thickness gasket. The settings for gasket material,
flange, and curve are shown in Fig. 5. The gasket pattern created by the press mold machine was
pushed along the axial direction. The loading process by tighten the flange to gasket, as shown
in Fig. 6. The contact between the base metal (SUS304) and the outside layer (C1020) is unfixable (unbonding). On both sides, the gasket and the flange were believed to be deformable.
A 400-MPa mode design [17] was employed in this simulation. Thickness ratios of 0.1/1.5, 0.2/1.5,
0.4/1.5, and 0.5/1.5 were studied, as well as two flange surface roughness levels of 2.5 μm and 3.5 μm.
Ts

C1020
Tg

SUS304

Tb
Ts

C1020

Fig. 4. Sheet metal with three layers
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Upper flange

Lower flange

Fig. 5. Simulation of forming

Fig. 6. Simulation of tightening
2. 2. Manufacturing of Gaskets
A mold press was used to make the gasket. The shape of the gasket is achieved by forcing
the raw material into a die with a punch. The gasket was made with C1020 as the outside layer
and SUS304 as the inside layer, and it was assembled in a three-layer structure without the use of
any adhesives. Die dimensions based on optimum single SUS304 400-MPa modes. As illustrated
in Fig. 7, the dies are used to create the material gasket. The forming process was carried out using
a UH-1000 KNI universal testing machine. Fig. 8 depicts the gasket before the forming process and
the gasket after the forming process.

Fig. 7. The upper and lower dies

a
b
Fig. 8. Three-layer metal gasket: a – before forming; b – after forming
2. 3. Measurement of Flange Surface Roughness
The sealing performance is influenced by the surface roughness. The flange surface roughness used the JISB0601-2001 standard. The surface roughness measurement experimental setup
is shown in Fig. 9. The surface roughness was measured with a Handysurf E-35B. The all data
that consist of profile curve, parameter values, and measurement conditions can be sent straight to
a computer with this configuration.
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Pickup Drive up

Flange

Computer
Display
Fig. 9. Measurement setup for surface roughness

The processing of the data of the output result (Ra, Rz and other parameters) was done
in Microsoft Excel. Additionally, the output result can be received as a roughness curve.
The result of a surface roughness measurement is shown in Fig. 10.
With the help of the SolidWork program, the flange roughness (Ra) values: 2.5 μm and
3.5 μm, was drawn.
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Fig. 10. Roughness curve
2. 4. Measurement of Leak Quantity
In this test was employed a general-purpose flange based on JIS B2220 as shown in Fig. 11.

Fig. 11. General-purpose 25A flange
The helium leak rate quantity was evaluated to determine correlation of the axial force and
leakage quantity is shown schematically in Fig. 12.
The quantitative measurements of helium leakage were taken according to the JIS Z2330
and JIS Z2331 standards, as was describe in the previous research [23].
The relationship between loading force and helium leak rate is used to evaluate gasket performance. The flange was clamped with four bolts, loading forces were measured at 40, 60, 80, 100,
and 120 KN.
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Fig. 12. A helium leak detection system design
3. Result and discussions
The relation between contact width, contact stress, axial force of a three-layer metal gasket
for convex 1, 2, 3, and 4 in any axial/loading force are shown in Fig. 13. Fig. 13 demonstrates
that convex 2 and 3 had higher average contact stress and contact width than convex 1 and 4.
As a result, the investigation concentrated on middle convex (2 and 3), namely as the bottom and
upper contacts, respectively.
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Fig. 13. The relation contact width, contact stress, axial force
The simulation result for contact width of a gasket, flange surface roughness 3.5 μm is
shown in Fig. 14. The contact width rises as the axial force increases, as shown in this diagram.
The maximum and lowest slopes were found in a gasket with a thickness ratio of 0.1/1.5 and 0.4/1.5,
respectively.
For average contact stress, Fig. 15 illustrates the simulation result for the upper and lower
contact of a gasket in contact with flanges with surface roughness values of 3.5 μm. For various
thickness ratios, the contact stress for a gasket was similar for both the top and bottom contacts.
However, a gasket with a thickness ratio of 0.1/1.5 had the highest tendency of all the gaskets tested.
The average contact stress increases dramatically as the axial force increases, as shown in the graph.
The simulation result for contacts width of a gasket for flanges with a surface roughness
of 2.5 μm is shown in Fig. 16. The contact width rises as the axial force increases, as shown in
this diagram. The maximum and lowest slopes were found in a gasket with a thickness ratio of
0.1/1.5 and 0.4/1.5, respectively.
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Fig. 14. Contact width for a gasket in 400-MPa mode [3.5 μm]
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Fig. 15. Gasket contact stress in 400-MPa mode [3.5 μm]
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Fig. 16. Gasket contact width [2.5 μm]
The average contact stress of a gasket in contact with flanges roughness 2.5 m is shown
in Fig. 17. For various thickness ratios, the contact stress for a gasket was similar for both the top
and bottom contacts. However, a gasket with a thickness ratio of 0.1/1.5 had the highest tendency of
all the gaskets tested. The average contact stress increases dramatically as the axial force increases,
as shown in the graph.
The contact width widened as the axial force increased, as seen in the diagram. It can be
seen that the contact width expanded dramatically when the axial force rose from 0 to 50 kN. Surface convex contact stress is a significant plastic contact stress condition in this range. The contact
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stress of the flat area is elastic condition, and the phenomenon fulfills the elastic stress requirement, causing the metal gasket undergo spring back. However, as the axial force increases from
50 to 120 kN, the contact width widens. The elastic and plastic regions are mixed due to the stress
distribution of the flat area between convex. The spring-back effect is reduced by the plastic contact stress distribution in the region between convex contacts. As a result, the value of contact stress
is reduced, and the graph of contact stress tends to move down. The plastic area increases as the
axial force increases, while the contact stress tends to remain constant.
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Fig. 17. Gasket average contact stress [2.5 μm]
The helium leak quantity test for a gasket when contacted a flange with surface roughness Ra 3.5 μm is shown in Fig. 18. At 40 axial force, none of the three-layer gaskets leaked.
At 100 axial force, the gasket made of a single material SUS304 does not leak. Three-layer gaskets
perform better than SUS304 gaskets in terms of sealing.
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Fig. 18. Helium leak quantity test result (Ra 3.5 μm)
The helium leak quantity test for a gasket when contacted a flange with surface roughness
Ra 2.5 μm is shown in Fig. 19. At 40 axial force, none of the three-layer gaskets leaked, but gasket
single material still leaked. At 80 axial force, the gasket made of single material SUS304 does not
leak. The three-layer gasket seals better than the SUS304 gasket.
The modeling results and experimental data were found to be in good agreement. Theo
retically, as contact width and contact tension increase, helium leakage decreases. A previous
study [17] found that when the contact width is 0.195 mm, there is no leakage on 80 kN. The
three-layer metal gasket Ts/Tg = 0.5/1.5 found in this investigation already started not leak in force
40kN and contact width 0.2 mm. In other words, it is possible to conclude that the three-layer of the
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gasket performs preferable than the single SUS304 gasket. In addition, the findings of the helium
leakage tests demonstrate that the Ts/Tg = 0.1/1.5 three-layer gasket model outperforms the others.
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Fig. 19. Helium leak quantity (Ra 2.5 μm)
Because the simulation and experimental results are similar, it is possible to say that our
simulation model is close to the real model.
This research was tested in conditions of room temperature and fluid gas without the effect of additional pressure, and because the research is carried out in a laboratory, the influence
of outside interference can be minimized. In application on real conditions such as hot water pipe
connections, the effect of temperature and inner pressure increased due to hot fluid flowing in the
pipe needs to be further research.
4. Conclusions
The novelty of the gasket is in its new design feature, the use of three layers with varying
thickness of the gasket layer. Simulation test results which are also reinforced by experimental
results show that the performance of the three-layer gasket is better than the single gasket SUS304,
in detail it can be described as follows:
1. The gasket three-layer shows improvement capability to prevent leakage than a single
gasket based on the helium leakage test.
2. The gasket three-layer showed improved sealing performance so that no leakage occurred
at low axial forces at 40 kN to 120 kN for all surface roughness tests.
3. In general, an increase in surface roughness causes a decrease in the contact width of the
gasket as well as the contact stress. In three layers gasket, a lower thickness ratio (thinner surface)
provides a greater contact width and contact stress, so the Ts/Tg = 0.1/1.5 three layers gasket model
is recommended as it outperforms the others.
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