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FEM modelling of pressurized gasket in 
oil&gas industry

P TFE is a material which is widely imple-
mented in oil and gas industry for the 
production of energized seals and gasket, 
thanks to its properties like low coef-

ficient of friction and chemical inertness. Seals are 
used to prevent leakage at the connection between 
different valve components, in a wide range of 
working conditions. In particular, seals are exposed 
by one side to the high pressure and temperature 
fluid and to the other side to the atmosphere. 
This difference is traduced to a high load on the 
seal that may be subjected to excessive deforma-
tion and stress. Moreover, high pressure fluid may 
enlarge the groove width, increasing the risk of 
leakage, mechanical failure and partial extrusion. 
A good way to design seals minimizing timing and 
prototyping cost is to use FEM analysis.
Esa srl, a leading company in the design and 
production of energized seals and gaskets, com-
missioned to Phi Drive srl, a skilled engineering and 
consulting company, the analysis of the physical 
phenomenon describing the behavior of the gaskets.
Phi Drive developed a dedicated FEM model which 
reproduces the working condition of energized 
seals and allows determining the range of groove 
width considering the worst working condition in 
terms of fluid pressure, temperature and construc-
tion tolerance.
The first part of this work consisted of classifying 
the different typologies of seals produced by Esa 
srl and, consequently, in performing CAD parame-
trization for each seal category. As shown in Figure 
1, seals can be stand-alone, with single back-up 
or with double back-up. Each typology is analyzed 
in different ways according to its features. It is im-
portant to notice that each configuration has been 
studied considering the worst possible geometrical 
tolerance, which actually always occurs at least at 
one section of the circumference. The most critical 
point is the one in which the seal back-up has its 
minimum radial distance from the axis of rotation, 
and where it consequently leaves the maximum 
possible external space in which the seal may 
slide, pushed by the high-pressure fluid. As a mat-
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ter of fact, the higher the clearance, the higher the 
risk for the gasket. For this reason, the Extrusion 
Channel (EC) has been defined which is indeed 
the measure of the clearance on the back part of 
the seal. To sum up, analyses are performed in the 
most critical point on the circumference, given by 
the geometrical tolerance, and results are given as 
function of the Extrusion Channel dimension.
In a second time, it was necessary to choose the 
proper constitutive model for PTFE, namely the 
equation that bonds stresses with strain. 
Among the different models in literature, we 
selected the Multilinear Isotropic hardening model 
(MISO) which only requires the laboratory uniaxial 
test tension data. MISO is a symmetrical model 
that considers compression equal to tension yield 
stress. This is not actually really accurate for PTFE. 
Underestimating compression yield strength, it is a 
conservative approach since the seal is subjected 
to compression.
Once the model is selected, it is necessary to trans-
late the laboratory uniaxial stress curve into “true” 
stress curve. To be clearer, laboratory stress data are 
computed dividing the tension force by the initial 
cross-sectional area of the specimen. In reality, 
the cross-sectional area of the specimen becomes 
thinner and thinner and will be more is stretched. 
Moreover, laboratory test data are often given in 
terms of engineering strain (defined as the ratio 
between specimen length after stretch and speci-
men length at the beginning), while FEM analysis 
works with logarithmic strain definition. Assuming 
PTFE as incompressible, it is possible to convert the 
laboratory stress-stress curve (σ

lab 
– ε

lab
) into the 

FEM stress-strain curve. (σ
fem 

– ε
fem

):

ε
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= ln(1 + ε
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)

σ
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lab 
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)

Laboratory and FEM stress curves have signifi-
cantly different forms, especially at high value of 
strain. In Figure 2 are shown the two curves for a 
given modified PTFE.
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Figure 1 - Axial-symmetric section of each typology of seal. Figure 2 - FEM and laboratory Stress-strain curves.
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The FEM stress-strain curve can be divided 
in three separate regions (Figure 3):
• Elastic region represents a value of 

strain below the yield point (around 4%). 
When the load is released, the material 
turns back to its original form.

• Right after the yield point there is the 
Creep region which is characterized by 
a slow and constantly increasing strain-
stress curve. In this region it is sufficient 
to have a small increment of stress to 
obtain a significant deformation.

• The last region is the Hardening region. 
The stress-strain curve becomes steeper 
and steeper up to the mechanical fail-
ure. In this region an increment of stress 
value gives small additional deformation.

the discretization of the geometry in smaller 
volumes over which equations are solved. It 
is possible to notice how the mesh becomes 
denser close to the Extrusion Channel in 
order to obtain more accurate results.

Figure 4 - Boundary Conditions.

Figure 6 - Phase 1 – Closure of the Extrusion 
channel and increment of the pressure up to the 
nominal value – Von Mises Stress.

Figure 3 - Different regions of PTFE curve

Figure 5 – Phase 0 - Undeformed seal – Mesh. 

Figure 7 - Phase 3 – Enlargement of the Extrusion 
channel - Von Mises Stress.

Figure 8 - Indicator of stress.

Let’s get more in detail of the FEM model. After 
material and geometry definition, it is necessary 
to define contacts and boundary conditions, i.e. 
the ways in which the different parts interact one 
to each other and with the surroundings. The 
contacts are variable friction contact, meaning 
that seal surfaces are not bonded with the groove 
walls but they can separate and slip according 
to the friction coefficient (chosen at the value of 
0.07). Boundary conditions are three (Figure 4): 
• The front part of the seal between the 

two walls is subjected to the load of the 
high-pressure fluid.

• The internal wall is fixed.
• The external wall is displaced.

1. The external wall is rigidly moved toward the 
inner wall, up to the nominal condition of 
extrusion channel. Simultaneously, the pres-
sure is incremented up to the nominal value. 
In this phase, both walls and fluid push the 
gasket up to reach the working nominal 
condition. Phases 0 and 1 resemble the as-
sembly process of the gasket into the groove. 

During the simulation, data are recorded and 
post-processed. In particular, different indica-
tors are generated and plotted that estimate 
the condition of safety of the seal. For the 
stand-alone seal there are three different in-
dicators as function of the extrusion channel:
I. Indicator of stress: it is the maximum 

Von Mises stress along the seal. It 
always has to be lower than the tensile 
stress of the PTFE, adjusted by a safety 
factor equal to 1.5. In the graph shown 
below, the three dotted horizontal lines 
delimitate the three different regions of 
PTFE, the dashed line indicates the safe-
ty level that should never be exceeded. 

II. Indicator of deformation: it is an empiri-
cal indicator that estimates the degree of 
deformation of the seal. Even if the seal is 
out of breakage risk, conditions that cause 
excessive deformation must be avoided 
because they may lead to leakage in one 

From now on, for sake of simplicity, the 
dissertation will continue taking in consid-
eration only a stand-alone seal. The FEM 
analysis is divided in the following phases:
0  At the beginning the external wall is placed 

in order to accommodate the undeformed 
shape of the seal. The pressure of the fluid 
is zero. Figure 5 shows the mesh, namely 

2. In the second and last part of the analysis 
the pressure is maintained constant at 
the nominal value and the external wall is 
progressively moved outward, augmenting 
groove width, resembling the phenomenon 
in which the high pressure fluid displaces 
the outer wall. In this phase, the seal is 
subjected to ever increasing stress and 
load, because its back part is more and 
more exposed to the atmosphere condi-
tion of the extrusion channel. 
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Figure 9 – Indicator of deformation.

Figure 10 – Indicator of cutting.or more points of the circumference. For 
stand-alone seals this indicator is equal to:

I
def 

= 
ΔH

tails

L
seal

This indicator must not exceed the value of 
0.1 (10%):
III. Indicator of cutting: it is an indicator that 

estimates the risk of the seal to be cut. 
As a matter of fact, this phenomenon is 
similar to the manufacturing process of the 
shearing (also known as die cutting) where 
a metal sheet is cut by a moving blade 
pushed with a proper force. In the same 
way, the high-pressure fluid pushes the 

seal toward the extrusion channel and the 
chamfer of the inner wall acts as a blade.

Cutting occurs if:

p ⋅ EC ≥ 
τ ⋅ t
c

s

Where p is the pressure of the fluid (that can be 
even higher than 100 MPa), EC is the Extrusion 
channel measure, (τ) is the maximum shear 
stress, t is the minimum thickness of the seal 
and C5 is a safety factor. 
When the extrusion channel measure 
increases, the cutting force (p ⋅ EC) gets 

higher. Moreover, the higher the extrusion 
channel, the lower the cutting resistance 
becomes ( 

τ ⋅ t
c

s
 ). Plotting these two terms:

Cutting may occur when cutting force (red line) 
overcomes the cutting resistance (blue line).
The seal is considered safe as long as all 
indicators are below their limits. 
In conclusion, this model aims to be an easy 
and powerful tool for producers and users to 
avoid gasket failures, understanding which 
are the best working conditions for each 
gasket and also a good approach for new 
gasket design.


