ISSN 1052-6188, Journal of Machinery Manufacture and Reliability, 2023, Vol. 52, No. 4, pp. 351—353. © Allerton Press, Inc., 2023.
Russian Text © The Author(s), 2023, published in Problemy Mashinostroeniya i Nadezhnosti Mashin, 2023, No. 4, pp. 71—74.

RELIABILITY, STRENGTH, AND WEAR RESISTANCE
OF MACHINES AND STRUCTURES

Development of Methods for Optimization and Machine Design
of the Connecting Unit of Oil-Field Equipment

M. S. Ragimova
Azerbaijan State University of Oil and Industry, Baku, Azerbaijan

e-mail: rahimova_mahluga@mail.ru
Received October 14, 2022; revised April 11, 2023; accepted April 20, 2023

Abstract—It was determined experimentally that to provide complete sealing, the value of the contact
pressure on the sealing surface must be three times greater than the internal pressure. The tightness of
flange connections is provided by creating the necessary pressure on the sealing surfaces of the flanges.
Moreover, the required specific pressure is created in the seals by tightening the bolts fastening the
flanges. The amount of leakage is influenced by the surface roughness and the accuracy of the manu-
facturing of the sealing elements.
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The sealing element of high-pressure flange connections of oil equipment is a gasket, which is made of
steel. The gasket sits on a groove located on the end of the flange in the form of a ring and creates a tight-
ness under high pressure.

MATERIALS AND METHODS

As is known, flange connections are strong-tight detachable connections of fittings vessels, connecting
parts of pipelines, etc. Despite the standardization of flanges, the final choice of flanges and the calcula-
tion of their individual elements are up to the designer. The design of flanges, especially flanges that are
not provided for by standards, usually comes down to assigning their strength dimensions without detailed
calculation, largely based on the theory of similarity. However, an important peculiarity of all flange con-
nections is to provide not only a strong connection, but also a tight, i.e., hermetic, one.

RESULTS AND DISCUSSION

The tightness of flange connections is provided by creating the necessary pressure on the sealing sur-
faces of the flanges. Moreover, the required specific pressure is created in the seals by tightening the bolts
fastening the flanges. The amount of leakage is influenced by the surface roughness and the accuracy of
the manufacturing of the sealing elements. However, an increase in manufacturing accuracy and a
decrease in the roughness of machining leads to an increase in the cost of production. Therefore, to pro-
vide tightness, the seal must be mechanically deformed to ensure that it adheres to the sealing surfaces,
filling all surface irregularities and defects.

A high-pressure flange seal (Fig. 1) consists of a metal ring (gasket), which, under the action of internal
pressure, is pressed against the wall of the ring groove, providing tightness. Such flange connections are
widely used in oilfield equipment.

In the absence of internal pressure, the axial force that occurs when the bolts are tightened in ordinary
flange connections is taken by the gasket. At the same time, with an increase in the width of the gasket,
the possibility of crushing its contact surface is excluded; i.e., the greater the width of the gasket, the
greater the second component of the force acting on the bolt. Thus, increasing the width of the spacer
leads to the need to increase the size of the bolts, which in turn will increase the width of the spacer, etc.
Then, at high pressures, it is necessary to use wide gaskets, bolts with large diameters, and massive flanges,
which ultimately reduces the efficiency of the design [1, 5].
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Fig. 1. High pressure flange seal: P, the internal pressure; Dy, the inner diameter of the flange; Dp, the outer diameter of
the flange; /., the length of the bolt.

During operation, the bolts of flange connections are impacted by the sum of two forces: (1) the hydro-
static force calculated from the outer diameter of the gasket and acting on the flange plate and (2) the axial
component of the force, which occurs under the action of the contact pressure providing the tightness of
the connection, on the interface between the gasket and the flange.

Therefore, metal octagonal gaskets are used in high-pressure flange connections, the sealing force of
which is approximately 6—8% of the bolt torque. Moreover, the dimensions of the gasket in these cases
will not depend on the tightening force of the bolts [2, 3, 6].

To provide tightness in flanged joints with a metal gasket, the movement of the gasket working surface
reduced to the axis of the flange must be equal to the sum of the deformation of the bolt and the flange
from bending and turning. In this case, the compatibility condition is satisfied and there will always be
pressure on the contact surface. For this pressure to be equal to 3P,, the gasket must return to its original
position. The thickness of the flange is chosen in such a way that in this case the internal pressure has a
maximum value. The tightness condition was mathematically expressed by the following dependence:

As+Ap SA-A,

Py, .
2Eszd”’
tive bolt length, /. = 2h + 2h, + d; axial displacement from internal pressure of the flange section where
the groove is located; A' is the tightness.

where A; is the axial deformation of the bolt only due to the internal pressure, Ay = /. is the effec-

Let us consider a simplified flange connection diagram. We replace the shell with a cylinder, the thick-
ness of which §,,, = 0.5(3, + §,), and the average radius r,,, = 0.5(3,,, + d, ). The flange is considered as
a rigid ring in the radial and axial direction. In this case, the resulting bending moment at the junction of
the flange with the shell can be determined from the condition of equality of the angles of rotation. The
angle of rotation of the cylinder from the moment M, of the internal pressure P, is calculated by the for-
mula

1 Zavg 8avg

M Pz,
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where / = 0.5D,,, — r,
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Flange rotation angle (ring)

(p — Fl _ eravg (2)
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Equating (1) to (2) and solving the resulting equation with respect to M,, we obtain
Fl

2mr,

avg

M, =n

Numerical analysis shows that for real structures it is possible to accept k& = (0.5—1.5). Taking into

account the bending deformation of the flange, k = (0.6—1 .8).

To establish the reliability of the found parameters, the tightness condition Ag + Ay < A —A' [4] is

checked.

CONCLUSIONS
It is noted that, to provide complete sealing, the value of the contact pressure on the sealing surface

must be three times greater than the internal pressure.
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