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1. Surfactants
2. Electrokinetic
3. Ultrasonic
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2. Response Surface Methodology (RSM)
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Introduction

Well integrity is one of the most critical issues today
in the engineering and supply of oil and gas wells.
This is especially important during the development
of unconventional hydrocarbon reservoirs. Casing
and Tubing are critical components of oil and gas
wells. A vital element of the casing and tubing is the
thread connection. Because casing and tubing are
subjected to various loads during cementing, drilling,
and production operations, including axial tension,
compression, and internal and external pressure,
connections are a crucial parameter in the drilling and
exploration program due to the strength of the pipe
body. Today, casing and tubing connections are divided
into two categories: standard or API and premium.
The structural, dimensional, and sealability required,
especially in harsh working conditions, have led to the
design of premium connections. These connections are
designed to achieve higher quality than standard.

The history of designing and manufacturing premium
connections is pervasive. The design and manufacture
of connections began around 1925 with the formation
of the American Petroleum Institute. So far, various
premium connections with different capabilities
have been designed and manufactured, especially by
Vallourec [ 1] and Tenaris [2].

With increasing drilling depth to reach reservoirs
at greater depths, many oil and gas fields have high
pressures, and most areas have corrosive and sour
fluid, which makes it essential to use a gas-tight
premium connection it shows. On the other hand,
due to the urgent need of the oil and gas industry, the
naturalization of premium connections by international
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standards and according to the country’s specific
conditions, especially in the context of sanctions and
many problems in this field, is necessary. In this regard,
by designing a national thread, an important step can
be achieved toward naturalization. In this research,
designing and simulating the premium connection of
the 4 1/2" tubing considered an essential parameter in
the design of premium connections is presented.

Materials and methods

The premium connection has three main geometric
features. These include thread profile, torque shoulder,
and metal-to-metal seal [3].

The thread profile of premium connections plays a
vital role in the integrity of the connection in terms of
withstanding tensile and compressive forces. Mostly,
the number of threads per inch of the casing is five,
and the tubing is more than 6. The higher the number
of threads per inch, the greater the contact pressure
created on the sealing surfaces due to the wedge angle.
For the designed thread, the number of threads per
inch is 6.

Using a two-step technique for thread stabbing flank is
another detail of the thread profile design. This feature
increases the connection makeup speed and also
reduces the damage to the thread coating through less
thread interference [4]. The height of the chamfered
edge is essential due to the possibility of contact
with the stabbing flank when applying an axially
compressive force to the connection.

Another critical parameter in the design of the thread
profile is the clearance between the load and stab flank.
This parameter, along with the length of the connection
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nose, is critical in withstanding the compressive force
of the connection.

The results of studies [5] show that if the ratio of nose
length to the mentioned clearance is more than 140-
160, the axial compressive strength of the connection
is equal to 100% of the axial compressive strength of
the pipe body (See Figure 1). The thread profile design
is shown in Figure 2.
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Fig. 1 Relationship between thread clearance and compres-
sive strength of connection [6].

Fig. 2 Thread profile designed.

Seal surfaces and torque shoulder design are
influenced by internal pressure, external pressure, and
compression load. The procedure consists of two seals.
The initial seal, which is responsible for the main seal,
especially against external pressure, is close to the
threads. The secondary seal is located at the edge of
the pin nose. The sealing surface requires an area of
significant contact with an axial length of about 1 to
1.5 mm to ensure sealing properties [5].

The connection torque shoulder design is mainly
perpendicular or angled to the pipe axis. If designed
with a negative angle to the pipe axis, it helps to increase
sealability, especially against axial compression load.
Another feature considered in the design is a groove
at the end of the box threads and before the sealing
surface. The method of the seal and torque shoulder is
shown in Figure 3. This paper uses Catia V5R21 software
to model and ABAQUS 2020 software to analyze the
connection. ABAQUS determines the allowable contact
interference and applies pressure penetration features.

Fig. 3 Seal and torque shoulder designed.

The Finite Element model was created as axisymmetric
with CAXR4 elements. Loading based on A-series of
CAL VI according to ISO 13679 [6] was applied. This
type of loading simulates the worst-case conditions of
the connection. A-Series tests consisting of 14 points are
identified as load points on the Von Mises loop. Leakage
refers to the sealability to hold fluid without causing
significant leakage. In casing and tubing connections,
the leakage flow rate is usually less than 2 ml per
hour [6]. The material considered is L80 with a yield
strength of 553 MPa [7]. The inelastic behavior of the
material was modeled according to the ASME standard.
Considering the values of strain hardening. Acceptance
Criteria for connection design include stress and leakage
investigation. According to ASME [8], one of the
practical criteria is stress assessment. The seal index is
specified as the area below the contact pressure curve
diagram. According to the following equation, the seal
index should be greater than the critical value of Wac if a
sealing compound is used.
1.177
W = 1843107 | 2 M

atm

Results and Discussion

The analysis results by applying only the make-up torque
are shown in Figure 4. Only the threads close to the seal
are subjected to high stress by using makeup torque.
Some of the connection stress contours according to
the 46 loading steps of the von Mises loop are shown
in Figures 5 and 6. Load points 1 to 4 are in the first
quarter of the Mises curve and include the applica-
tion of tensile force and internal pressure. Load point
1 contains only the tensile force. Figure 7 shows the
pressure penetration that occurred at the surface of the
pin member at loading step 2c. It is observed that the
fluid penetrates the secondary seal. We use the leak-
age criterion to investigate the leakage. By calculating
the values of the seal index for each of the shoulder,
primary and secondary seal surfaces and comparing it
with the critical value, the leakage in the loading step
can be determined.
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Fig. 4 Stress contour by applying make-up torque.

Fig. 5 Stress contour by applying combine loading in load step 1c.

Fig. 6 Stress contour by applying combined loading in load step 29c.
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Fig. 7 Pressure penetration in load step 2c.
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Figure 8 shows the calculated seal index. The connec-
tion torque shoulder seal index value is higher than the

primary and secondary seal surfaces.

Secondary Seal

| & Shoulder

- Primary Seal

—@— Critical Value of Seal Index

Seal Index (mm.MPa)

Load Step No.

Fig. 8 Seal index for torque shoulder, primary and secondary seal surfaces.

Conclusions

In this research, the premium connection has been
designed and also analyzed by employing FEA.
Accordingly, the main results of this research are as
follows:

1. The thread design process requires several parameters
to be considered. The three main parameters are the
thread profile design, the connection shoulder design,
and the seal design.

2. Evaluation of connection design based on a standard
procedure includes investigation of the stress and
leakage status of the connection.

3. Loading based on the most challenging working
conditions, i.e., CAL IV test in ISO 13679 standard,
including series A test, which includes the axial load
of tension and compression with internal and external
pressure, was applied to the designed connection.
Loading steps and points were determined according
to the von Mises stress loop.

4. It was found that design by finite element analysis
can be areliable and inexpensive tool and an alternative
to physical experiments.
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