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Corrugated metal gaskets (CMG) made
Jrom SUS304 have previously been develo-
ped, however a coating process with a softer
material is necessary for its design to be op-
timal. The coating process is time consum-
ing and expensive. This research aims to
develop CMG from aluminum by simulation
analysis and form a CMG design made of
aluminum A1100. The method used is deve-
lopment research. The optimum CMG thick-
ness is analyzed using ANSYS Finite Element
Analysis (FEA). The control variables being
investigated are contact area and contact
stress. The independent variable being inves-
tigated is the material thickness of CMG. An
aluminum gasket is then constructed using
a cold-forming process based on the opti-
mum design. The control variables in the
leak test are axial force and water pressure.
Experiments were also carried out to test the
aluminum gasket for leakage. A leakage test
is carried out using a water pressure test.
Simulation analysis showed results that were
in line with experimental leak tests. FEA si-
mulation results show that the optimum gas-
ket thickness is between 3 and 5 mm, with
5 mm being the most optimal. However, CMG
with thicknesses of 4 and 5 have similar con-
tact stress and contact area. Leakage test
results also show similarities with simulation
results. CMG with a thickness of 5 mm has the
best performance. The experimental results
show that CMG made from aluminum A1100
is suitable for use as a gasket to prevent leak-
age, it prevents leakage at fluid pressure up
to 12 MPa and axial force 100 kN. The results
show that aluminum CMG performs on par
with SUS304 CMG coated with nickel or cop-
per. This research succeeded in developing
CMG made of aluminum
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1. Introduction

Corrugated metal gaskets have been widely developed
worldwide to replace toxic asbestos-based gaskets. Saeed
et al. developed CMG by developing a metal gasket with
two waves. Previous researcher [1] proposed a super seal
gasket (SSG), a new CMG measuring 25A that gives a spring
effect to the metal and forms a seal line with the flanges. Con-
tact stress and contact width are important design parameters
for optimizing gasket performance. CMG consists of two
waves at the top and bottom. One wave is to prevent leakage
and another wave supports to realize it. This study only stated
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that the contact width is important, but did not measure the
contact width so that no leakage occurs. The next previous
study [2] examined the allowable limit of contact width to
prevent leakage in CGM using finite element analysis (FEA)
and experimental results. Contact width correlates with he-
lium leakage; the more significant the contact width, the bet-
ter it prevents leakage. This research did not see the forming
effect so it did not match reality. The forming effect imparts
residual stresses to the gasket material.

The optimum 25A size metal gasket design using FEM
simulation based on contact stress, contact width, and form-
ing effects studied by [3]. Plastic gasket designs have better




performance than elastic designs. The study did not consider
the parameter of surface roughness of the flange. Surface
roughness and its effects on gasket leakage were considered
by [4]. An increase in gasket leaks is directly proportional to
surface roughness value. The high surface roughness of the
flange makes the contact between the gasket and the flange
not tight. At the contact there is fluid path due to the gap.
Previous research [4] also simulated contact width and con-
tact stress on CMG based on surface roughness. The contact
width between the flange and the gasket increases on the
flange with lower roughness values [5]. The results showed
that the high surface roughness value made it difficult to
prevent leakage due to the equal material hardness between
gaskets and flange. The gasket material cannot fill the flange
roughness because both have the same hardness. Previous
research [6] solved this problem by adding a thin and softer
material layer, forming layers of copper-SUS304-copper.
Their analysis found the optimum design gasket in simulation.
The contact stress and contact width of the three-layer gasket
mentioned earlier investigated by [7]. The results show an in-
crease in contact width by applying a softer, thin layer. How-
ever, the copper layer does not bond strongly with SUS304,
risking the three-layered gasket coming off. Due to their
simultaneous formation through a cold forming process by
pressing with a specific amount of force, the copper layer and
SUS304 can adhere. The copper layer only sticks to SUS304.

The design of a CMG made of nickel-coated SUS304
by the electroplating method took another approach by
conducting a simulation analysis to by [8]. The results show
that nickel plating is effective in forming the three-layer
CMG. The previous research [9] again examined CMGs
coated with nickel and copper by electroplating. The results
showed that the gaskets perform well and sealed pipe joint
leaks well when measured at high pressure. The next previ-
ous study [10] also tested CMG in hot conditions, namely in
boilers. The results showed a CMG that performs well at high
temperatures. However, the above CMG design incorporates
a lengthy process, i.e., forming gaskets and a series of nickel
or copper electroplating. Therefore, research on the develop-
ment of CMG using aluminum material is relevant to replace
the CMG material from SUS304 coated by nickel or copper.

2. Literature review and problem statement

The performance of the three-layer metal gasket is affec-
ted by the contact width between the gasket surface and the
rough flange [11]. It will be simpler to anticipate the perfor-
mance of the gasket later in the simulation with correct flange
roughness modeling. To ascertain how much contact is caused
by the rough flange surface, experimental measurements are
compared with the surface roughness modeling from the
simulation. Real contact width measurement experiment
using digital microscope and simulation using finite element
software. Measurements between the experimental results
and the simulation results of the real surface roughness model
reveal that the two are similar. This research did not up to
the leakage test experiment. Therefore, it is necessary to do
experiments on gasket leaks.

The paper [12] studied the ability of a three-layer corruga-
ted metal gasket to prevent leakage when the outer layer thick-
ness and flange roughness are adjusted. The leakage rate was
tested using the helium leakage quantity test experimentally.
The gaskets are constructed with oxygen-free copper (C1020)

as the outer layer and SUS304 as the base layer and are ar-
ranged in a three-layer pattern without bonding. A three-ply
corrugated metal gasket showed a better ability to prevent
leakage than a single gasket, i.e., a low axial force of 40 kN
for all surface roughness tests did not leak. In terms of seal-
ing, three-layer gaskets with a low thickness ratio work well.
The three-ply gasket was unaffected by the flange’s surface
roughness. The problem was that the three layers did not stick
together perfectly because there is no bond between the layers.

The paper [13] studied the corrugated gasket’s capacity
to handle changing load temperatures is greatly enhanced
by the application of a shape memory alloy. This study found
that the great influence of gasket thickness on leakage. Under
installation and operating conditions, corrugation contact
pressure increases with increasing sheet thickness (7) and
corrugated gasket height (H), showing a decreasing trend
with increasing pitch (P). The factors affecting the average
corrugated gasket contact pressure are sheet T> H > P,

The gasket performance is significantly impacted by the
mechanical gasket contact surface leakage channel. First,
the fractal characteristics of the spinning and stationary
rings were used to determine the initial sealing interface
porosity. The fractal form of contact between the two objects
which causes the path to open with air will cause porosity.
This fractal also causes leakage because the fluid will move
through the path. On the porosity of the sealing interface, the
impacts of fractal parameters, material qualities, and surface
pressure are revealed. The rotating and stationary ring fractal
parameters were used to create the initial sealing and loading
interface porosity expressions. Greater porosity is present in
gasket surfaces with larger fractal dimensions [14]. In the ar-
ticle [15], a theoretical model for calculating metal-to-metal
seal leakage rates is examined. This model is based on the
fractal theory of porous media, which may accurately de-
scribe the impact of the sealing surface’s topography from
a microscopic viewpoint. The findings demonstrated that the
intrinsic characteristics of the pore space and the leakage rate
of metal-to-metal gasket were significantly influenced by the
parameters of the sealing surface topography. In instance,
the rate of metal-to-metal gasket leakage decreases with
smoother sealing surface. Furthermore, the leakage rate re-
duces as the contact pressure rises, and the gasket effective-
ness will be significantly compromised if the fluid pressure
differential is too considerable.

A simulation technique and a hybrid strategy were used
in study [16]. A statistical design of experiment has been
used to examine how metal gaskets, flanges, and bolts affect
the effectiveness of sealing. The distribution of the bolts and
their corrugated shape had the largest impact on the bolts’
axial force range and gasket pressure distribution, according
to the data.

High gasket stiffness increases contact stress but compli-
cates the cold forming process. The hard surface of the gasket
in contact with the hard surface of the flange also causes
a small contact width [5]. To prevent leakage, high contact
stress and large contact width are required. To increase the
contact width, it is necessary to cover the outer surface of
a softer material. Besides that, the soft material will fill the
roughness of the flange surface [4].

The earlier study [10] looked at CMGs that had been
electroplated with nickel and copper once more. The out-
comes demonstrated that, when assessed at high pressure, gas-
kets function effectively and sealed pipe joints leak properly.
Leakage was measured using a water pressure test at room



temperature. This CMG needs to be tested on actual pipe use,
namely in boilers or on pipelines that flow chemical liquids.

The paper [11] was developed for CMG made from
SUS304 coated nickel or copper. This CMG has a very
good performance in preventing water and gas leaks in
boiler channels. CMG is also corrosion and heat resistant up
to 200 °C. Visually, this CMG looks nicer because it is plated
with copper or nickel which is shinier than the base mate-
rial, i. e. SUS304. However, this CMG has problems in the
relatively long manufacturing process, i. e. gasket material
forming process to become CMG and electroplating process
to coat CMG. In addition, the possibility of layer damage is
relatively easy to occur.

Therefore, it is necessary to develop CMG made from
materials softer than SUS304 while being temperature and
chemical resistant. The compression resistance performance
of corrugated metal gaskets, particularly stainless steel
gaskets, is significantly influenced by the manufacturing
process. Based on this, the impact of structural parameters
related to mechanical qualities on corrugated metal gaskets
is examined. Pitch, lip height, and material thickness are im-
portant structural factors that influence the characteristics
of corrugated metal gaskets [17]. The selected material this
research is aluminum A1100.

This research aims to engineer a CMG with a softer sub-
stitute material, namely aluminum A1100. This design re-
tains the same relative rigidity as the CMG made from
SUS304, by changing the thickness of the aluminum AL1100.
The rigidity of CMGs will provide high contact stress. Alu-
minum A1100 material is softer than SUS304, so it will fill
the flange surfaces’ roughness and prevent leakage.

3. The aim and objective of this study

The aim of the study is to develop CMG from aluminum
A1100 material by simulation and experiment analysis.

To achieve this aim, the following objectives are accom-
plished:

—to determine the contact stress and contact area by
simulation analysis using ANSYS software;

— to know the best thickness of aluminum A1100 mate-
rial to produce CMG,;

— to investigate the leakage performance of CMG made
from aluminum A1100 when used to connect pipe flanges;

— to know the maximum pressure that CMG withstand
the leakage.

4. Material and methods of research

4. 1. Object and hypothesis of the study

The object of research is corrugated metal gasket made
from aluminum A1100. The gasket material was cold formed
with a maximum force of 120 tons using a die to form CMG.
CMG's performance was tested using a water pressure leak test.

The main hypothesis of the study is CMG is able to with-
stand leaks at a water fluid pressure of 12 MPa using a certain
tightening force. The tightening force is obtained from the bolt.

Assumptions made in the work are gasket leakage was
carried out on a laboratory scale at room temperature. Water
can represent another fluid as a liquid material in industry.
The pipe-flange-gasket system is assumed to represent the
pipe-flange-gasket in the industry.

Simplification adopted in the work is a leak test using
a water pressure test. Water is pumped into the space bet-
ween the two flanges attached to the gasket. Under the
flange is put white paper, if there is a leak, water will seep
through the gaps in the gasket and drip onto the white paper.

4. 2. Material

A1100 aluminum is used as a gasket material because of
its effectiveness in high-temperature and high-pressure en-
vironments. Its material properties are determined through
tensile stress tests based on JISZ2241 [18], yield strength,
Young’s modulus (E), and Young’s tangent modulus. The
characteristics of aluminum A1100 material are shown in
Table 1 based on data [19].

Table 1
Material properties of Aluminum A1100
Properties A1100
Yield strength 105 MPa
Young’s modulus 68.9 GPa
Tangent Young’s modulus 69 MPa
Poisson ratio 0.33

From the Table 1, it is possible to be concluded mecha-
nical qualities of aluminum A1100 is available to be material
of CMG. The modulus of elasticity is lower than SUS304,
so the thickness of the material must be thicker.

4. 3. Forming process

The development of the aluminum A1100 corrugated
gasket was carried out in two stages. The first stage is to
conduct a finite element analysis (FEA) simulation using
ANSYS software. Based on the results of FEA, the best re-
sults were obtained as a basis for manufacturing the CMG.
The independent variable of this study is the thickness of
the gasket material, which has three levels, namely 3 mm,
4 mm and 5 mm. Gasket thicknesses were determined based
on initial analysis by conducting a cold-forming test. Ano-
ther consideration is the availability of aluminum A1100
plate materials on the market. The investigated dependent
variables are contact-stress and contact area. The second
stage is to make CMG from aluminum A1100 through
a cold-forming process at room temperature. Aluminum
A1100 material was prepared as a circular aluminum plate
with a center hole. Dies were prepared to use in the forming
process. The circular profile of the aluminum plates was ob-
tained using water jet cutting. This cutting process ensures
no damage to the gasket’s surface. Damage to the surface
of the gasket, albeit only a scratch, will cause leakage when
CMG is installed on the flange. Fig. 1 shows the process of
cutting gasket material.

The dies used have been made with dimensions deter-
mined as in previous studies [10]. The Taguchi and finite
element approaches’ optimal dimensioning techniques were
used to calculate the die dimensions. The lack of a die fill
fault is observed to be reduced with an increase in angle inner
radius, according to analysis using MSC Marc Software. As
seen in Fig. 2, changes in the angle will alter the radius (R)
and lip height (%). This increased angle from 0 to 0, is dif-
ferent from the initial angle by 0% (0 %), 5% (5 %), and
10 % (10 %). The best decrease of the lack of die fill fault was
demonstrated by increasing the angle by 10 % [20].



Fig. 1. Gasket material cutting process by water jet:
a — cutting process; b — after cutting process
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Fig. 2. Adjusting the angle to reduce the defect caused
by a lack of die fills on one of the convex contacts

Bohler® K105 stainless steel was used to make the die.
The gasket material’s corrugation could not be created
since the Bohler® K105’s 15.3 HRC hardness prevented it.
As a result, the material for the dies required additional
processing, including hardening. The dies material was
heated to 900 °C. The dies will be burning because of how
hot it will be. Then, the dies were suddenly submerged in
oil and held there until the oil cooled. The die’s measured
hardness after quenching was 54.1 HRC. The loading in
the cold-forming process is carried out three times, based
on [21]. The force amount is adjusted to the material cha-
racteristics of aluminum A1100. Fig. 3, a shows the gasket’s
blank material, and Fig. 2, b shows the CMG that has
been formed.

Fig. 3. Corrugated metal gasket: a — blank material;
b — corrugated metal gaskets after forming

Gasket materials with a 3 mm, 4 mm, and 5 mm thickness
are subjected to a maximum load of 1000 kN, 1050 kN, and
1100 kN, respectively. The loading process starts from zero
loads to maximum loading in 60 seconds. The maximum load
is held for 30 seconds and then released. To avoid the spring
back effect [22], the loading is carried out three times as in
the first loading until a corrugated metal gasket is formed.

4. 4. Simulation analysis

Simulation analysis is used to find the optimum dimen-
sions of CMG [23]. The simulation uses ANSYS software to
determine the optimal aluminum material thickness before
forming it into corrugated metal gaskets. The focus is to have
gasket rigidity similar to the previously researched design of
the SUS304 CMG as in [9] and [10]. Other dimensions, such
as arc radius, arc height, and flat section length, are maintained
the same as the SUS304 gasket design. Firstly, the gasket
and flange were modeled according to the dimensions and
geometry of the JISB2404 [24] and JISB2220 standards [25]
using Autodesk Inventor and saved as a universal CAD STEP
format. Into the ANSYS software, the material properties of
aluminum A1100 (Table 1) were inputted to the Engineering
Data, including yield strength, Young’s modulus, Young’s
tangent modulus, and Poisson’s ratio. The STEP files of the
flange and gasket design were then imported and assigned their
designated materials; stainless steel SUS304 and aluminum
A1100 for the flange and the gasket, respectively. The next step
is to set the connection between objects in the simulation.
The flange and gasket are connected by a frictional contact;
thus, a frictional coefficient of 0.33 is added. The value of the
static friction coefficient is obtained from the friction between
aluminum and SUS304 which is in contact without lubrication
of 0.61, the dynamic friction coefficient is around 0.3—0.35.
When the tightening force is applied, the gasket surface will
slide on the flange made from SUS304 so that the coefficient
of friction is taken to be 0.33 which is the default from the soft-
ware. The greater the friction coefficient number will reduce the
sliding movement of the gasket back in contact with the flange.

The discretization process of the FEA is carried out by
meshing the gasket and the flange geometry into elements,
where its size determines the accuracy of the simulation result.
The mesh is set with a 0.2 mm sizing for the CMG and the flange,
while for the method, it uses quadrilateral elements on both.
Fig. 4 shows the results of the gaskets and the flange mesh.

A

Fig. 4. Meshing of the gasket and the flange
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For the result of ANSY FEA, total deformation and
equivalent stress are examined. Total deformation informs
the deformation of the gasket due to the simulated bolts’
tightening force. The equivalent stress tells the stress in the
contact area between the flange and the gasket. The contact
area is the function of the number of elements with contact
stress and the dimensions of the elements [3]. Fig. 5 shows
the amount of contact stress in one element.
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Fig. 5. Contact stress results

Contact stress information in other elements is calcu-
lated accordingly. The maximum contact stress and contact
area are found in a particular axial force, and the relation-
ship between axial force, contact stress, and contact area
can be described.

4. 5. Leak measurement

The subsequent experiment uses a water pressure test
to detect gasket leaks. Firstly, the equipment was arranged
as depicted in Fig. 6, a, in which the equipment is clamped
in lathe jaws for robust support. Flanges and gaskets con-
nection is pressed by tightening the bolts. The flange-gas-
ket connection is oriented vertically for ease of leakage
detection. This position was chosen so that it is easy to
detect water leaks [26]. A sheet of white paper was placed
under the connection to detect water leakage, as seen
in Fig. 6, b.

a b
Fig. 6. Leakage test by water pressure test: a — applying
water pressure; b — onset water leakage

Water pressure is controlled by pumping water from the
reservoir into the water pressure test system until the desired
pressure is reached. The water pressure is measured using
a calibrated manometer. The water pressure is variable,
namely 5, 7.5, 10, and 12 kgf/cm? The tightening force on
the bolt is measured using a digital torque wrench. After the
specified water pressure is reached, it is left for up to 10 mi-
nutes to verify the onset of leakage [10].

5. Result of development of an aluminum A1100
as of corrugated metal gaskets

5. 1. Simulation analysis to get the contact stress
and contact

The simulation analysis results show each ridge’s contact
stress and contact area. The amount of contact stress and
contact area in each ridge varies. In the outermost ridge, the
gaskets on the upper and lower sides have the same contact
stress and contact area characteristics. This ridge’s contact
stress and contact area are lower than the inner ridges. The
outer corrugation serves as a support for the inner ridges. It
is the inner corrugations that function as leakage prevention.
Therefore, the focus of the discussion of contact stress and
the contact area is on the inner corrugation.

Fig. 7-9 show the relationship of the axial force to the
contact stress and the contact area of 3mm, 4 mm, and
5mm CMGs thicknesses, respectively. It can be seen in the
three figures that with an increase in axial force, there is an
increase in both contact stress and contact area. The increase
is close to the parabolic function with a positive slope rang-
ing from 0 to 120 kN axial force. The maximum axial force
of 120 kN is taken from the maximum bolt tightening force.
Tightening forces greater than 120 kN is difficult to obtain
because the bolts will be damaged.
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Fig. 7. Relationship between contact area and contact stress
to axial force on a 3 mm corrugated metal gaskets

The relationship between contact area and contact stress
to axial force on a 3 mm thick CMG is shown in Fig. 7. An in-
crease in axial force will increase contact stress and contact area.
This increase is approaching a positive parabolic function. For
this thickness, contact stress is relatively low but the contact
area is highest than a 4 mm and 5 mm thick CMG. This CMG
has relatively lower stiffness, making it unable to press firmly
on the flange when an axial force is applied. If axial force is
increased to a certain extent, a dent can occur in the CMG.
These results are consistent with previous studies [27], where
gaskets with low stiffness tend to dent, causing their con-
tact width to shrink. If axial force is added to a certain



extent, a dent can occur in the CMG. These results are con-
sistent with previous studies [27], where gaskets with low
stiffness tend to dent, causing their contact width to shrink.
In the previous study [27], contact width was measured using
axisymmetric analysis, whereas this study used a 3-dimen-
sional model. These results show that the 3 mm thick CMG
does not have enough stiffness to produce high contact stress.
The solution would be to increase the thickness of the gasket
material. Fig. 8 shows the simulation results in contact stress
and CMG contact width with a thickness of 4 mm.
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Fig. 8. Relationship between contact area and contact stress
to axial force on a 4 mm corrugated metal gaskets

Contact stress increased significantly, and contact area
also increased, Fig.7. The increase in material thickness
increases the rigidity of CMG. Again, these results are con-
sistent with the previous studies [27]. The simulation results
show that the increase in axial force also increases contact
stress and contact area. This increase is also approaching pos-
itive parabolic function. The largest contact stress occurred
in gaskets with a thickness of 5 mm, depicted in Fig. 9, albeit
not much of a difference from the 4 mm gaskets. The contact
area was lowest than both another thickness.
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Fig. 9. Relationship between contact area and contact stress
to axial force on 5 mm corrugated metal gaskets

From Fig. 9 shows that the contact stress and contact area
of CMG thickness 5 mm is similar with CMG thickness 4 mm.
However, the contact stress of CMG thickness 5 mm is higher
than CMG thickness 4 mm and the contact area of CMG
thickness 5 mm is lower than CMG thickness 4 mm.

5. 2. The optimum thickness of aluminum A1100 mate-
rial to produce gasket

Fig. 10 shows the relationship between contact area and
contact stress to axial force on 3 mm, 4 mm, and 5 mm.
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Fig. 10. Relationship between contact area and contact
stress to axial force on a 3 mm, 4 mm, and 5 mm corrugated
metal gaskets

From the Fig. 10 it can be concluded that the highest
contact stress is CMG with a material thickness of 5 mm.
However, CMG material with a thickness of 4 mm also has
the characteristics of contact stress and contact area which
are similar to those with a thickness of 5 mm.

The simulation results conclude that CMG with a ma-
terial thickness of 5 mm is the optimum CMG design.
As the gasket material thickness increases, so does the
spring stiffness of the CMG. Increased spring stiffness in-
creases the amount of contact stress. Similar to the lower
thicknesses, the increase in the 5 mm gasket’s axial force
increases contact stress and contact width. This increase
is also approaching the parabolic function with a posi-
tive slope.

3. 3. Leak performance of gasket measurement

Table 2 shows the leakage test results using a water pres-
sure test on aluminum A1100 gaskets with a 3 mm, 4 mm,
and 5 mm thickness. At an axial force of 40 kN, leakage still
occurs in all gasket material thicknesses. No leak is evident
at an axial force of 60 kN for water pressures of 5 MPa,
7.7 MPa, and 10 MPa, at all gasket material thicknesses.
However, a leak still occurs at a water pressure of 12 MPa.
These results are in accordance with previous studies [28],
where at low fluid pressure there is no leak but at high fluid
pressure a leak will occur.

At 80 kN axial force, there is no leakage for all gasket
material thicknesses except for the water pressure of 12 MPa
on the 3mm gasket. At higher axial forces of 100 kN and
120 kN, there is no leakage on all thicknesses of gasket ma-
terial at all water pressures. For a gasket with a thickness
of 3 mm, at an axial force of 100 kN and a fluid pressure of
12 MPa, the axial force that occurs is 156.54 MPa and a con-
tact area of 180.77 mm?. In this condition, it is a state where
there is no leakage. For a gasket with a thickness of 4 mm,
at an axial force of 80 kN and a fluid pressure of 12 MPa,
the axial force that occurs is 199.66 MPa and a contact
area of 180.77 mm?2. In this condition, it is a state where
there is no leakage. For a gasket with a thickness of 5 mm,
at an axial force of 80 kN and a fluid pressure of 12 MPa,
the axial force that occurs is 219.75 MPa and a contact area
of 155.72 mm?. In this condition, it is a state where there is
no leakage.



Table 2
Leakage test result using water pressure test
Axial force | Water pres- Thickness

(kN) sure (MPa) 3 mm 4 mm 5 mm
5 Leak Leak Leak
7.7 Leak Leak Leak
10 10 Leak Leak Leak
12 Leak Leak Leak

5 No leak No leak No leak

7.7 No leak No leak No leak

60 10 No leak No leak No leak
12 Leak Leak Leak

5 No leak No leak No leak

7.7 No leak No leak No leak

80 10 No leak No leak No leak

12 Leak No leak No leak

5 No leak No leak No leak

100 7.7 No leak No leak No leak

10 No leak No leak No leak

12 No leak No leak No leak

5 No leak No leak No leak

7.7 No leak No leak No leak

120 10 No leak No leak No leak

12 No leak No leak No leak

5. 4. The maximum pressure that gasket withstand
the leakage

The water pressure in the water pressure test starts from
5MPa, 7.7 MPa, 10 MPa and 12 MPa. Up to the highest
pressure the gasket is still able to withstand leaks. The expe-
rimental results of 12 MPa pressure did not occur at axial for-
ces starting at 100 kN for all thicknesses of gasket material.
Gaskets with a thickness of 4 mm and 5 mm did not leak at
a pressure of 12 MPa when the axial force is 80 kN. How-
ever, a gasket with a thickness of 3 mm leaks at a pressure
of 12 MPa and a force of 80 kN. Therefore it is concluded
that this gasket can withstand a maximum water pressure of
12 MPa with an axial force of 80 kN.

6. Discussion of development of aluminum A1100
as of corrugated metal gaskets

Compared to the leakage test results of the SUS304
gasket materials coated with Cu or Ni, the A1100 gaskets
result are close. SUS304 gaskets coated with Cu [9] per-
form slightly better than aluminum A1100 gaskets. Mean-
while, the one coated with Ni [9] performs similarly to the
A1100 gasket. Leakage did not occur in the CMG despite
an axial force of 80 kN being relatively low when tighten-
ing using a torque wrench. There is no leakage even at an
axial force of 60 kN, given that the maximum fluid pressure
is 10 MPa (Table 3).

FEA simulation results using ANSYS software and leak
test experiments generate validating results. The simulation
results showed that the 5 mm thick CMG has the highest
contact stress and lowest contact area, thus, the best-per-

forming gasket, see Fig.9. The performance was followed
closely by the 4 mm CMG. However, the 3 mm thick CMG
has relatively low contact stress and high contact area,
see Fig. 9. The amount of contact stress is strongly influen-
ced by CMG's spring stiffness. The contact area size is in-
fluenced by contact stress at certain CMG thicknesses [29].
The experimental results showed that CMGs with 4 mm
and 5 mm thickness prevent leakage better than the 3 mm
CMGs, see Table 2.

Table 3

Observation of leakage gasket SUS304 coated
by Cu and Ni (adopted from [9])

Axial Water
i(l)é\c;)e prizzltlre ngi?:t)f Cu Coated Ni Coated
(MPa)
5 No leak | No leak | No leak | No leak | No leak
40 7.5 Leak | Noleak | Noleak | Leak |No leak
10 Leak Leak Leak Leak Leak
12 Leak Leak Leak Leak Leak
5 No leak | No leak | Noleak | No leak | No leak
7.5 No leak | No leak | No leak | No leak | No leak
60 10 Leak | Noleak | Noleak | Leak | No leak
12 Leak Leak | Noleak | Leak Leak
5 No leak | No leak | No leak | No leak | No leak
7.5 No leak | No leak | No leak | No leak | No leak
80 10 No leak | No leak | No leak | No leak | No leak
12 Leak | Noleak | Noleak | Leak | No leak
5 No leak | No leak | No leak | No leak | No leak
100 7.5 No leak | No leak | No leak | No leak | No leak
10 No leak | Noleak | Noleak | No leak | No leak
12 No leak | No leak | No leak | No leak | No leak
5 No leak | No leak | No leak | No leak | No leak
190 7.5 No leak | No leak | No leak | No leak | No leak
10 No leak | Noleak | No leak | No leak | No leak
12 No leak | No leak | No leak | No leak | No leak

Based on the discussion above, the A1100 aluminum
corrugated metal gasket design is suitable for gaskets in
pipe flanges connection. The aluminum gasket does not leak
during certain axial forces in the water pressure leak test. The
leakage did not occur for gasket having thickness 3 mm, 4 mm,
and 5 mm in axial force 100 kN and maximum water pressure
12 MPa, see Table 2. Manufacturing aluminum A1100 CMG
is relatively easier than SUS304 gasket coated with copper.
In addition, the costs of materials and manufacturing are also
much lower than the SUS304 coated with Cu or Ni.

The limitation of this research is that the size of the
gasket is 25A according to previous studies. This CMG
adjusts the pipe dimensions, it means that for other pipe
sizes optimization of CMG dimensions must be carried out.
CMG dimensions not only depend on the thickness of the
CMG material, but also include wave height, wave diame-
ter, and flat portion length. Another limitation is the mea-
surement of leaks which can be found by several methods.
Leaks in this study were only seen visually in the presence
of water droplets on white paper. Leaks can be seen using the



helium leak test. This measurement is possible to see the
helium leakage rate [4].

The disadvantage of this study is the thickness of the
gasket material which depends on the presence in the market.
The thickness of the gasket material can be found to be more
optimal if the material can be made, for example through
a casting process.

In the future, it will be possible to find the optimum di-
mensions for different pipe sizes in accordance with existing
pipe standards in the industry. In addition, in the future it is
also be possible to look for gasket materials that are softer
but also corrosion resistant. These materials are nickel, brass,
copper, or aluminum alloy.

7. Conclusions

1. Simulation analysis using ANSYS software gene-
rated results that support experimental results, where the
amount of contact stress was 219.75 MPa and contact area
was 155.72mm? is a largest at a thickness of 5mm. The
best performance of CMG made of aluminum is the 5 mm
thick gasket.

2. Based on the simulation and experimental analysis, the
best thickness of CMG is 5 mm, because it has the highest
contact stress.

3. CMG made from A1100 is suitable for use as a gasket
to prevent leakage when used to connect pipe flanges.

4. The developed CMG withstands leakage at a maxi-
mum fluid pressure of 12 MPa.

Conflict of interest

The authors declare that they have no conflict of inte-
rest in relation to this research, whether financial, personal,
authorship or otherwise, that could affect the research and
its results presented in this paper.

Financing

This research was funded by Engineering Faculty, Uni-
versitas Negeri Yogyakarta, in the Scheme Research Group,
according to the 2022 Budget Research based on the Agree-
ment Letter Number T/2.24/UN34.15/PT.01.02/2022.

Data availability

Manuscript has no associated data.

Acknowledgements

The authors are grateful for the experiment facilities
in the Materials Lab and Machining Workshop, Engineer-
ing Faculty, Universitas Negeri Yogyakarta. The authors
thank the funding from the Research Group Engineering
Faculty, Universitas Negeri Yogyakarta, according to the
2022 Budget Research based on the Agreement Letter Num-
ber T/2.24/UN34.15/PT.01.02,/2022.

References

1. Saeed, H. A, Tzumi, S., Sakai, S., Haruyama, S., Nagawa, M., Noda, H. (2008). Development of New Metallic Gasket and its Opti-
mum Design for Leakage Performance. Journal of Solid Mechanics and Materials Engineering, 2 (1), 105—114. doi: https://doi.org/

10.1299 /jmmp.2.105

2. Karohika, I. M. G., Antara, I. N. G. (2019). The metal gasket sealing performance of bolted flanged with fem analysis. IOP Confe-
rence Series: Materials Science and Engineering, 539 (1), 012018. doi: https://doi.org/10.1088/1757-899x,/539,/1,/012018

3. Choiron, M. A,, Haruyama, S., Kaminishi, K. (2011). Optimization of New Metal Gasket Design Based on Contact Width In-
volving Contact Stress Consideration. Applied Mechanics and Materials, 110-116, 4780-4787. doi: https://doi.org/10.4028/

www.scientific.net/amm.110-116.4780

4. Haruyama, S., Nurhadiyanto, D., Choiron, M. A., Kaminishi, K. (2013). Influence of surface roughness on leakage of new metal
gasket. International Journal of Pressure Vessels and Piping, 111-112, 146—154. doi: https://doi.org/10.1016/].ijpvp.2013.06.004

5. Haruyama, S., Nurhadiyanto, D., Kaminishi, K. (2013). Contact Width Analysis of Corrugated Metal Gasket Based on Surface
Roughness. Advanced Materials Research, 856, 92—97. doi: https://doi.org/10.4028 /www.scientific.net/amr.856.92

6. Haruyama, S., Choiron, Moch. A., Nurhadiyanto, D. (2019). Optimum Design of Laminated Corrugated Metal Gasket Using
Computer Simulation. International Journal of Integrated Engineering, 11 (5). doi: https://doi.org/10.30880/ijie.2019.11.05.004

7. Choiron, Moch. A., Purnowidodo, A. (2015). Sealing Performance of Thin Corrugated Metal Gasket. Applied Mechanics and Ma-
terials, 789-790, 246—250. doi: https://doi.org/10.4028 /www.scientific.net/amm.789-790.246

8. Nurhadiyanto, D., Mujiyono, Sutopo, Amri Ristadi, F. (2018). Simulation Analysis of 25A-Size Corrugated Metal Gasket Coated
Copper to Increase Its Performance. IOP Conference Series: Materials Science and Engineering, 307, 012005. doi: https://doi.org/

10.1088/1757-899x/307,/1,/012005

9. Nurhadiyanto, D., Haruyama, S., Mujiyono, Sutopo, Ristadi, E A. (2020). The performance of nickel and copper as coating materials

for corrugated metal gaskets. Journal of Engineering Science and Technology, 15 (4), 2450—2463. Available at: https://jestec.taylors.
edu.my/Vol%2015%20issue%204%20August%202020/15_4_23.pdf
10. Nurhadiyanto, D., Haruyama, S., Mujiyono, M., Sutopo, S., Yunaidi, Y., Surahmanto, E et al. (2021). Improved performance of cor-

rugated metal gaskets in boiler’s piping system through multilayered coating. Eastern-European Journal of Enterprise Technologies,
6 (1 (114)), 13-20. doi: https://doi.org/10.15587/1729-4061.2021.245360

11. Karohika, I. M. G., Antara, I. N. G,, Budiana, I. M. D. (2019). Influence of dies type for gasket forming shape. IOP Conference Series:
Materials Science and Engineering, 539 (1), 012019. doi: https://doi.org/10.1088,/1757-899x/539,/1,/012019



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Gothivarekar, S., Coppieters, S., Van de Velde, A., Debruyne, D. (2020). Advanced FE model validation of cold-forming process
using DIC: Air bending of high strength steel. International Journal of Material Forming, 13 (3), 409-421. doi: https://doi.org/
10.1007/s12289-020-01536-1

He, L., Lu, X., Zhu, X., Chen, Q. (2021). Influence of Structural Parameters of Shape Memory Alloy Corrugated Gaskets on the
Contact Pressure of Bolted Flange Joints. Advances in Materials Science and Engineering, 2021, 1-19. doi: https://doi.org/
10.1155/2021,/5552569

Jianjun, S., Chenbo, M., Jianhua, L., Qiuping, Y. (2018). A leakage channel model for sealing interface of mechanical face seals based
on percolation theory. Tribology International, 118, 108—119. doi: https://doi.org/10.1016/j.triboint.2017.09.013

Liu, Y, Du, H., Ren, X,, Li, B,, Qian, J., Yan, F. (2022). A Leakage Rate Model for Metal-to-Metal Seals Based on the Fractal Theory
of Porous Medium. Aerospace, 9 (12), 779. doi: https://doi.org/10.3390 /aerospace9120779

Du, P, Lu, J., Tuo, J., Wang, X. (2019). Research on the Optimization Design of Metallic Gasket Based on DOE Methodology. IOP
Conference Series: Materials Science and Engineering, 569 (3), 032027. doi: https://doi.org/10.1088,/1757-899x,/569,/3,/032027
Zhan, Y., Lan, M., Zhu, X., Lu, X. (2022). Research on Prediction Models for the Compression-Resilience Performance of Corru-
gated Metal Gaskets With Residual Stress. Journal of Pressure Vessel Technology, 144 (5). doi: https://doi.org/10.1115/1.4053602
JIS Z 2241. Metallic Material-Tensile testing-Method of test at room temperature. Japanese Standards Association. Available
at: https://global.ihs.com/doc_detail.cfm?&item s key=00127867 &item_key date=770310&input_doc number=J1SZ2241&in-
put_doc_title

Materials Data Book (2019). Cambridge University Engineering Department. Available at: http://teaching.eng.cam.ac.uk/sites/
teaching.eng.cam.ac.uk/files/Documents/Databooks/MATERIALS%20DATABOOK %20(2011)%20version%20for%20Moodle.pdf
Karohika, I. M. G., Artha, I. G. A. G. K., Azkandri, M. H. A. G. (2023). An overview of the corrugated metal gasket. AIP Conference
Proceedings. doi: https://doi.org/10.1063/5.0115569

Karohika, I. M. G., Antara, I. N. G. (2019). Gasket Process Parameter in Metal Forming. IOP Conference Series: Earth and Envi-
ronmental Science, 248, 012044. doi: https://doi.org/10.1088/1755-1315/248 /1,/012044

JIS B 2404:2006. Dimensions of gaskets for use with pipe flanges. Japanese Standards Association. Available at: https://infostore.
saiglobal.com/en-us/standards /jis-b-2404-2006-622826 saig jsa_jsa 2891706/

JIS B 2220:2004. Steel Pipe Flanges. Japanese Standards Association. Available at: https://infostore.saiglobal.com/en-us/stan-
dards/jis-b-2220-2004-633314_saig_jsa_jsa_1452418/

Tatarkanov, A., Aleksandrov, I., Mihaylov, M., Muranov, A. (2021). Development of algorithm for automated assessment of the
tightness of contact sealing connections of isolation valves. Bulletin of Bryansk State Technical University, 10, 27-37. doi: https://
doi.org/10.30987,/1999-8775-2021-10-27-37

Bhosale, R. S., Kumbhar, P. P, Mahajan, K. S., Yachkal, A. K., Katarkar, A., (2017). Study on Leak Testing Methods. Interna-
tional Journal for Scientific Research & Development, 5 (1), 1618—1621. Available at: https://www.researchgate.net/publica-
tion/323219717 _Study on_Leak Testing Methods#full TextFileContent

Feng, X., Gu, B., Zhang, P. (2018). Prediction of Leakage Rates Through Sealing Connections with Metallic Gaskets. TOP Confe-
rence Series: Earth and Environmental Science, 199, 032090. doi: https://doi.org/10.1088/1755-1315/199,/3,/032090

Karohika, I. M. G., Haruyama, S., Choiron, Moch. A., Nurhadiyanto, D., Antara, I. N. G. et al. (2020). An Approach to Optimize the
Corrugated Metal Gasket Design Using Taguchi Method. International Journal on Advanced Science, Engineering and Information
Technology, 10 (6), 2435. doi: https://doi.org/10.18517 /ijaseit.10.6.12992

Karohika, I. M. G., Haruyama, S. (2022). Analysis of three-layer gasket performance affected by flange surface. EUREKA: Physics
and Engineering, 4, 57—66. doi: https://doi.org/10.21303/2461-4262.2022.002290

Karohika, I. M. G., Haruyama, S. (2022). The real contact width evaluation of a three-layer metal gasket. SINERGI, 26 (3), 311.
doi: https://doi.org/10.22441 /sinergi.2022.3.006



