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Optimization of New 25A-size Metal Gasket
Design Based on Contact Width Considering
Forming and Contact Stress Effect
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Abstract—At the previous study of new metal gasket, contact
width and contact stress were important design parameter for
optimizing metal gasket performance. However, the range of contact
stress had not been investigated thoroughly. In this study, we
conducted a gasket design optimization based on an elastic and plastic
contact stress analysis considering forming effect using FEM. The
gasket model was simulated by using two simulation stages which is
forming and tightening simulation. The optimum design based on an
dastic and plastic contact stress was founded. Final evaluation was
determined by helium leak quantity to check leakage performance of
both type of gaskets. The helium leak test shows that a gasket based
on the plastic contact stress design better than based on eastic stress
design.
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|. INTRODUCTION

A new 25A size metal gasket, which uses corrugated shape
was proposed for asbestos gasket substitution aternative
[1]. The gasket has metal spring effect and produces high local
contact stress to create sealing line with flanges. The result
confirmed that the contact stress and contact width were an
important design parameter to optimize the 25A size meta
gasket performance. Haruyama, et.al [2] investigated the limits
size of contact width as 25A size metd gasket design
parameter. In this study, the quantitative evaluation of helium
leak rate and contact width of gasket which has no leak by
water pressure test had been cleared. From the above matter,
contact width can be used as a main parameter to optimize the
gasket design. The leakage can be reduced with increasing the
contact width. Choiron, et.al [3] provided the contact width
validation by using simulation analysis and the result is
compared to experimental using pressure sensitive paper.
Nurhadiyanto, at.al [4] investigated the optimum 25 A size
metal gasket design include forming effect by using simulation
analysis. The 25A size metal gasket was optimized by using
L 18 Taguchi method. Based on contact width as design concept
and considering contact stress on contact width including
forming effect. According to an elastic condition the optimized
gasket was founded.
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All new 25A size metal gasket model on the previous study
use the assumption an eastic contact stress. Whereas, the
plastic deformation occurs in the contact area when the local
stress has reached. The use of smulation is beneficia in the
design of meta forming operations because it is more cost
effectivethan trial and error. The development of hardware and
software support the metal forming simulation to define an
elastic and plastic contact stress. It isaso predict the forces and
stresses necessary to execute the forming operation [5]. Press
forming is performed to produce gasket shape by a punch
forces the initial material to slide into a die. In this study, we
will find the optimum design of New 25A-size metal gasket
include forming effect according to an éastic and plastic
condition respectively derived from FEM anadysis. The
optimum design of the simulation result was tested using
helium leak test. Here will be known the gasket performance
based on the elastic and plastic design.

II.MATERIAL AND METHOD

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 JIS22241 [7].
From the tensile test result, the nominad stress (c) of SUS304
was 398.83 [MPa], the modulus of the easticity (E) was 210
[GPa] and the tangent modulus was 1900.53 [MP4].

In the previous study [6], the gasket design based on contact
status, which is contact and no contact, without considering the
distribution of the stress called 0 MPa mode. In the other hand,
the gasket design by deleting the contact stress value bel ow of
400 MPa called 400 MPamode. It was found from the material
properties, the yield stress is 398.83 MPa. In this study, the
gasket design based on an e astic condition we call 0 MPamode
while it based on aplastic condition is 400 MPa mode.

A.Smulation Analysis

In this study, a gasket model is divided into two simulation
stage by using two pressing model which is forming and
tightening ssimulation. The optimized design gasket according
to an elastic and plastic condition. Flowchart the stage of
simulation and optimization the gasket considering forming
effect asshown in Fig.1. Both stages were modeled using finite
element method analysis software MSC. Marc [8]. In the first
stage, the dies were assumed as rigid body in both sides. Using
two-dimensiona assumptions, the axis symmetric model was
adopting a forming process simulation in axial direction on
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initial gasket materiabetween the top and the bottom of
dies. The second stage is the gasket shape produced dy
press is continuity compressed axial directiol to adopt
tightening of the gasket on the flanges.

The virtual gasket model witharious designwas generated
by using four basic steps. They wehe parameterization the

optimization design badeon increasing contact widiwas
combined with consideringontact stressand the optimized
design was divideds two modes which is 0 MPa and 400 N
modes. fie next circulating loowas generated to fulfill the
forming effect by adding forming simulation befotae
tightening simulationFinally the optimized design considering

models, automatic meshing, computatadpreprocessing and forming effect could bachieve..

post-processingn batch mode and optimizatioFirstly, 2-D
parameter model is built by utilizindpe Solidwork software.
To connect drawing data from Solidwork (IGES file)d:
automatic meshindy using Hypermesh, batch commeéfile
was built and a NAS file waproduced with this procedur
Then the procedure file was configutedbtainpreprocessing
and running the model on MSCMarc softwaThe graphic
user interface (GUI) was not appeamnd the program ru
command in the background. Aftéhe FEM analysiswas
complete, an output file including analysis iits could be
generated in TXT file. The TXTesult filewas transformed to
Microsoft excel by using MACRO commarThe output result
contains the contact status, stress vandbody force at each
time at every convex positio@alculation of the contact wid
versus load oronvex position number 1 unti is produced
with several step of MACRO command.

Initial design

*‘
v
2D axisymmetric model
7 CAD — Meshing — MSC.Mare Excel
Batch L18 Taguchi

command Forming

1. Increasingontac width . s
simulation

2. Reducing clamping loi

v

Optimizeddesign fo
1. 0 MPa Mod¢
2. 400 MPa Mod

Forming
Effect

Optimizeddesigt
Considering formingeffect

Fig. 1Flow chart the stage of simulation and optimizatioe gaske
considering forming effe

The optimum design wadso determined based reducing
the clamping load. It coulbe denote by using the slope
gradient of the curve of relationship betweontact width and
clamping load (Fig. 2). Thepper and lower contact widwas
calculated by adding the value obnvex contact position
number 1 and 2, 3 and 4 respectivale slope of curvwas
increased; it wouldbe reduce the clamping lo. The slope of
curve was built manually bwysing trend line command
Microsoft Excel. The process of optimizatiousing L18
Taguchi was illustrated aa circulating loop Due to the
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Fig. 2The slope of the curve of relationslbetween contact width and
clamping loa

B. Press Forming

Press forming waperformed to produce gasket shape |
punch forces the initial material to slide intoie.(Therefore,
the forming effect wasonsidered for gasket design model
assessmenErom the simulation analy: the lack of die fills
defect result. The lack dfie fill defec was decreased with
increasing the anglef inner radiu.

C.Leak Quality Measurement

The schematic diagram of the helium leak measure
device, as shown in Fig., 3vas developed for leak quant
evaluation test of the gasket. In order evaluate gasket
performance, quantitative measurement of leak flowthe
helium gas was undertaken. In this research, theum
method which has the highest detection abilityhia helium
leak measurement was selected and utilized bas&$a233(
[9] and JIS 72331 standarti(].

In the test chamber, the helium gas was injectedearoutel
part of gasket. The content of residual oxygerhie¢hambe
was measured by the oxygen density sensor. Theinm
density in the outer part of gasket could blculated and the
measurement waperformed when the oxygen denswas
below 0.2 [%], and helium density above 99 [%] ke
atmosphere condition. Using helium leak detectoEl(KDT
702D1 ULVAC corporation production), the minimumake
quantity that coulde detected by this instrument examina
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is 1.0E™ Pa.n¥/s, and the maximum one was approximately For the evaluation of the clamping load and thk taantity,
1.0E®® Pa.nils. Measurement was taken from 300 to 50the leak quantity was measured based on the measntef
seconds to avoid the influence of leak flow flutitoia at the helium leak flow quantity. The variation of clampgidoad
time of the initial measurement. measured were 10, 15, 20, 25 and 30 kN for eachTw axial
load of each bolt was monitored in order to adjlnstappointed
axial load error to below 3%.

Oxygen

; Vacuum Tube
Density

‘§} Sensor l
T —h o [ll. RESULTAND DISCUSSION
The simulation result of one of the model in uppantact for
g W“,__] [ 0 MPa and 400 MPa modes is shown in the Fig. 6.graghic
[ shows that for increasing clamping load increase dbntact
L] L] { width.
Test chamber
T Helium Leak Detector 2
= 1.8 0 MPa mode
Fig. 3 The schematic diagram of the helium leaksuesment device E :i |
= 12
The flange used in this test was a general-purpiaede E 1 I
based on JISB2220 [11] with 20 K pressure and 2ndter 3 32 | AT
as shown in Fig. 4. The flange and joint was welcaefully to EY e
avoid a distortion. To avoid the experiment errae do the “ o2 « o *
leakage from the joint of the flange and pipe, Ik flow 0 ‘ ‘
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Clamping load of the flange is caused by the tigimig of Clamping Load [kN]
flange by bolt. Converting tightening torque of tomito the (b)
axial load was general procedure in clamping lozluation. Fig. 6 The simulation result of the model number (&} OMPa and
However, the accurate axial load prediction coulnt be (b) 400MPa modes
reached due to various friction coefficient of eadft and nut
in the clamping. Variation of the clamping load daelamping ~ The L18 matrix was conducted and the slope of theecof
order of the bolt also contributed to the inacceiratial load relationship between contact width and clampingdlaes
prediction. In this research, axial load measureémers held observed values (Y) was calculated for all modelsteown in

by embedding strain gauge to the bolts, therefueeakial load the Table I.
could be directly measured (Fig. 5).
TABLE |
THE RESULT OFL18 TESTMATRIX
Strain Runé F Slope of curve
un actor 0 [MPa] 400 [MPa]
1 A1B1C1D1E;FiGyHy 0.00835 0.0077
2 A1B1CoDEF,GoH, 0.0089 0.0077
3 A1B1CsD3E3FsG3H3 0.0085 0.0075
4 A1B2C1D1E;FG3Hs 0.008 0.0071
Computer 5 A1B,CoD,E5F3GyH; 0.00805 0.00575
6 A1B,CsD3E1F1GH, 0.009: 0.005;
smon w8 AN G 7 A;B3C1D.E;F3GoHa 0.01165 0.0042
o 8 A1B3C,D3EF1GsH; 0.0076 0.00545
Data Acquisition 9 A1B3C3D1EsF,GiH; 0.00705 0.0059
Fig. 5 Measurement of clamping load 10 AoB1C1D3EsF.GoH; 0.00675 0.0061
11 AB,C,D;E F3GsH2 0.0108 0.005
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12 AzBiCsD:EFiGiH; 0.00765 0.0069 Fig. 8 shows the lack of die fills defect result. The defect is

1‘31 ﬁzgzglgzgsl'?gaﬂz 8-8(1’832 8-00472 tending occurred on the radius shape of convex contact, both on
2D2L2L/3E1 201113 g 0043

15 AB.C:DIEFGH: 0.0002 0.007 0 MPa and 400MPa modes.

16 ABsCiDsEFGiH, 0.0096 0.0056

17 ABsCoDiEsFiGoHs 0.00555 0.0048

18 ABsCiDEsFGsHs 0.0102 0.0045 No touch

Fig.7 showsthe main effectsis plotted for avisua inspection
of each factor for various level conditions at 0 MPa and 400
MPa modes. The highest value for slope of curveis supposed as
the clamping load reducing. The main factor of the design is
providing the larger contact width and reducing the clamping
load.

MP . Fig. 8 Lack of diefills defect result on one of convex contact
0011 8] N a }:_',-\J-Jl-
% Using MSC Marc Software analysis founded that the lack of
5. [Pe see a0 00 oy die fill defect is decreased with increasing the angle inner
= radius. The changes in the angle will change the radius and lip
height, see Fig. 9. Thisincreased of angleisvaried by 0% (Bos),
5% (Bs0) and 10% (B109) fromtheinitial angle, see Fig.10. The
T ag% 43 489 2T 24N 549 adding 10% of angle showed the best reduction of the lack of
G B By B t R n diefill defect.
@
" [ 100 MPa mode
5 2 \ \f .\'. oty Soy
oH P P 1J t R :51 :

. Fig. 9 The changes process of the angle to reduce lack of diefills
(b) defect result on one of convex contact
Fig. 7 The main effects of each factor for variouslevels at slope of
curve: (a) 0 MPaand (b) 400 MPa modes

Although contact width a 400 MPa mode is smaller than
contact width &t 0 MPa mode, the fact denotes that contact
stress distribution by using 400 MPa mode is larger than
contact stress distribution by using 0 MPa mode. Dividing the
mode 0 and 400 MPais used based on assumption that the large
contact stress creates seding lines on contact width [12].
Finally, this study suggests the optimum gasket design based on
results of each modelsis shown in Tablell.

Os9 10%

e0%

TABLEI Fig. 10 Gasket simulation to reduce lack of die fills defect
OPTIMUM DESIGN OF GASKET AT 0 MPA AND 400 MPA MODES

Forming model

Factor O MPamode 200 MPamode Finally, the ' opti mum di m_ensions of dies toform

OH 3.0mm 3.0 mm ametal gasket is obtained see Fig. 11 and Table I11.

Pu 4.5mm 35mm

P2 4.5mm 45 mm

Ps 45mm 35mm

t 1.2mm 1.5mm

R 3.5mm 25mm

h 0.35mm 0.3 mm
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Upper dies
Vi V=
R 4 R
: R, A \.ﬁ : Ry 4 \ﬁ
Lower dies
Fig. 11 Upper and lower dies design
TABLE llI
OpPTIMUM DIMENSION OF DIES FOR 0 MPA AND 400MPAMODES
Gasket h R h Ry
0 MPa Mode 0.35 3.50 0.39 3.20
400 MPa Mode 0.30 2.50 0.33 2.30

In the previous study [3], the qualitative explaoat
produced by water pressured test is transformed
guantitative value wusing helium leak test. Thermfor
quantitative decision criterion to prevent the lealetermined
under the condition of helium leak quantity beldw ..0< 10°
Pa.ni/s and it is observed that the leak by water prestest
did not occur.

1OE-03

1OE-04

1.0E-05 \'\
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40 60 80
Axial force [KN]

—8—0)\Pa
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100

Fig. 12 Leak measurement test result

The leak measurement result of the proposed gasgleown
in Fig. 12. From the figure shows that the gask®tFa mode
did not leak on the 100 KN axial load while the lgggs0 MPa
mode leak ddi not occur on the 80 KN axial loadttBgpes of
gaskets shows good performance, because it didea&tat
certain axial load. The gasket 400 MPa shows betaling
performance than gasket 0 MPa mode. Thereforegaisket
design 400 MPa mode is chosen due to the bettdingea
performances are desirable because the large tehtass.

IV. CONCLUSION

int

performance of both type of gaskets. According to the leaks
that occurred, we find that the gasket 400 MPa nvegiebetter
sealing performances than 0 MPa mode. Both typemsiet
can be used as a seal, because it did not ledle indlium leak
test.
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