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Abstract
Due to the fact that clamping devices are widely used in various industries, the requirements for the operation of such devices are 

constantly increasing. This is due to an increase in the general requirements for processing accuracy, as well as an increase in the forces 
acting on the clamped part. The reliability of these devices when working with thin-walled cylindrical parts is of great importance.

Thin-walled cylinders used in mechanical engineering are subject to significant loads. With prolonged exposure to loads from 
clamping forces, as well as from axial tensile forces, plastic deformations of cylindrical parts occur. In the oil and gas industry, when 
clamping drill and casing pipes in some areas in the capture zone, stresses exceed the yield strength. Multiple clamping of the pipe will 
reduce the pipe wall in the gripping area, which causes premature pipe failure. Therefore, increasing the holding capacity of clamping 
mechanisms is relevant.

Analysis of broken drill pipes, which have been operating in wedge grips for a long time, showed that in most cases the pipes 
undergo plastic deformation caused by damage to the pipe surface by the teeth of the ram. To clarify the actual conditions of loading 
the pipe and the possibilities of increasing the capacity of the clamping devices, studies of the contact pressures in the clamping zone 
were carried out.

A new pipe clamping chuck is also presented, which provides a sufficiently high reliability of fastening of cylindrical parts.
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1. Introduction
A feature of the operation of thin-walled cylindrical parts, in particular, drill pipes, is the 

susceptibility to significant deformations during the process of being gripped by clamping me
chanisms. As a rule, the clamping forces are applied multiple times in the same area of the pipe.  
In this case, the compressive stresses can exceed the yield strength of the pipe metal. This results in 
local plastic deformations in the gripping zone of the pipe in the clamping mechanism. The shape 
and dimensions of the elements of the clamping mechanisms also have a significant effect on the 
nature of the pipe deformations and stresses, as well as the holding capacity of the clamping devices.  
This is due to the nature of the distribution of contact pressures on the surfaces of the parts of the 
clamping device.

With long-term operation of pipes under these conditions, such deformations lead to a thin-
ning of the pipe wall, which creates the danger of breaking the pipe string. Drill string breakage 
accidents require high costs to retrieve the string or lead to abandonment of the well. The oil and 
gas industry is constantly experiencing a need to improve the quality of drilling equipment, espe-
cially drill and casing pipes. This is due to the high labor intensity and energy consumption of oil 
and gas production. Improving the quality of drilling equipment is aimed at extending the service 
life of pipes in order to eliminate the possibility of emergencies. This explains the relevance of the 
presented work.

Investigation of the distribution of contact pressures on the surfaces of parts of the clamping 
device, which affect the state of the pipe and the holding capacity of the clamping devices, is an 
important task for the oil and gas production, machine building and other industries.
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Reliability and durability of clamping devices when working with thin-walled cylindrical parts 
is of great importance, both in mechanical engineering and in the oil and gas industry. Therefore, the 
study of issues of increasing the holding capacity of clamping mechanisms is an important task.

2. Literature review and problem statement
Requirements for the quality of drill pipes are due to the high labor and energy consumption 

of oil production. Improving the quality of drilling equipment, in particular, clamping mechanisms, 
extends the service life of drill pipes in order to eliminate the possibility of emergencies. Work in 
this direction is of great practical importance.

In work [1], some technological methods for improving the quality of pipes are considered, 
as well as design features of some clamping devices used in round-trip operations when drilling 
wells. However, no attention has been paid to damage to the pipe surface by clamping jaws.

In work [2] it is shown that pipe damage during tripping operations occurs mainly from 
the action of clamping jaws. The condition of the pipe in the clamping device is also influenced 
by various factors, such as clamping force, radial and axial loads, column mass. It is noted that the 
most uniform distribution of forces along the teeth of the clamping jaws is provided by an oblique 
intersecting notch, which gives a high holding capacity of the clamping devices.

Drill-pipe clamping mechanisms have also been investigated by the American Petroleum 
Institute (API). In the API standards, it is noted that deformations of drill pipes occur due to cuts 
on their surface, which are left by teeth of wedge rams or drill tongs [3].

Work [4] is devoted to the study of thin-walled cylindrical parts. The paper considers exter-
nal factors affecting the stress state of a cylindrical part. The adhesion coefficients in the clamping 
devices were analyzed. Methods for improving the design of their elements are proposed in order 
to increase the adhesion coefficients. However, not all influencing factors are taken into account.

The paper [5] describes the properties of paper used as a sensor when measuring contact 
pressures.

In works [6, 7] external factors influencing the stress state of the pipe are considered. The 
coefficients of adhesion in the clamping devices are analyzed. Methods for improving the design of 
their elements are proposed in order to increase the adhesion coefficients.

In work [8] it is shown to what deformations the pipe is subject during operation. The pro-
cesses of material creep are considered, which can be, as a consequence of stress relaxation under 
sufficiently long exposure to high stresses. These processes, considered in the work, show that in 
order to increase the holding capacity of the clamping mechanisms, it is necessary to comprehen-
sively study all the factors affecting the deformation of the drill pipe during tripping operations.

In the material [9], a new pipe clamping chuck is presented, which provides reliable pipe 
clamping during processing.

In other works, the influence of structural elements of clamping devices on the stress state 
and deformation of the pipe has also been investigated, and recommendations are given for improv-
ing their design in order to increase the holding capacity [10, 11].

In the literature presented, insufficient attention is paid to recommendations for reducing stresses  
and deformations when fastening thin-walled cylindrical and other similar parts in clamping devices.  
There are practically no dependencies for engineering calculations and analysis of loading schemes.

3. The aim and objectives of research
The aim of this research is to identify the nature of the distribution of contact pressures on 

the surfaces of the parts of the wedge-clamping mechanism and its effect on the loads acting on the 
pipe. The equalization of the distribution of the load on the pipe helps to reduce deformations of the 
drill pipes during tripping operations and to increase the holding capacity of the clamping devices.

For this aim, it is necessary to solve the following objectives:
– to determine the nature of the distribution of the contact load from the axial force along 

the wedges and clamping jaws to reduce pipe deformation;
– to determine the possibility of ensuring high reliability of clamping of the processed cylin

drical parts using a new design of the clumping device.
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4. Study of factors affecting the state of the pipe in the clamping mechanism
4. 1. The nature of the distribution of contact pressures on the surfaces of wedges and 

clamping jaws
The working condition of drill pipes and their permissible weight during tripping operations 

depends on the design of the clamping device. This is due to the nature of the distribution of the 
loads that are created by this device.

In studies of the nature of the distribution of contact pressures, the method of prints was 
applied, based on the change in the transparency of the paper as a result of its squeezing. In the 
experiment, let’s use high quality writing paper withstanding pressures in the range of 0–500 MPa, 
the optical non-uniformity of which does not exceed 1.5 μA [5].

When analyzing contact pressures in this way, special friction conditions are created bet
ween surfaces. In this case, the frictional forces have a great influence on the horizontal and shear 
stresses. At the same time, such influence on the distribution of contact pressures is small. There-
fore, when studying the distribution of contact pressures, the dynamics of friction can be neglected. 
The experiments were carried out on a specially designed stand (Fig. 1), equipped with hydraulic 
jacks, which simulates the operation of the clamping device during hoisting operations.

Fig. 1. Hydraulic stand
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The stand is installed in a concrete pit 1.8 m deep, 2.2 m and 1.2 m in size. On the ledge of 
the foundation, a plate with a thickness of 180 mm is installed and fixed with four anchor bolts, 
which serves as the base of the stand. There are 3 cylinders of the GDZ-300 jack on the plate.  
On the pistons of the jack, 3 feet with spherical heads are installed, forming a hinge joint. The plate 
prevents the heels from moving relative to the head.

A plate is installed on the projections of the spherical heads, on which the rotor table is laid. 
The main parts of the wedge gripper are installed in the rotor table. The working pressure is created 
by the pumping unit of the hydraulic jack GDZ-300. The working fluid of the jack is Industrial oil 30.

After reaching the required effort, the pumping unit is turned off. To relieve the load, the 
drain valve opens and the oil returns to the tank.

The stand is capable of creating a longitudinal axial load on the pipe up to 450 tons. As an 
experimental sample, let’s use a branch pipe from a drill pipe with a diameter of 141 mm and a wall 
thickness of 10 mm made of steel of strength group E.

The object of research were wedges and liners, as well as clamping jaws with an inner cylind
rical surface. Standard A4 size paper sheets were placed between the wedge and the liner under 
the wedge support plane; between the wedge and dies; as well as between the ends of adjacent 
dies  (Fig. 2). In all cases, a sheet of paper, which is actually a contact pressure sensor, was placed 
between two sheets of paper of the same brand to protect against impurities.

Fig. 2. Location of the pipe in the wedge grip

The surfaces of the clamping unit that come in contact with the paper sensors were thorough-
ly cleaned of grease. Considering that the lack of lubrication could lead to seizure on the wedge 
bearing surfaces, paper sensors were placed under each wedge in turn, and the bearing planes of 
the remaining wedges were coated with graphite grease.

The axial tensile force P in each experiment was adjusted to 10 kN. After reaching the speci
fied load, the installation was unloaded, the paper gauges were released, and the contact pressures 
were measured on all surfaces (Fig. 3). Measurements were taken immediately after unloading, 
considering that paper probes can induce stress relaxation.

It has been experimentally established that the pressures on the supporting surfaces of the 
wedges are unevenly distributed. In particular, contact pressures of up to 300 MPa are noted in the 
lower layers of the support plane, as well as in the lower parts of the surfaces of the backs of the 
lower jaw. The highest pressures are noted at the ends of the lower jaw, which takes up the entire 
axial load. The ends of the middle and upper jaws are practically unloaded.

Due to the fact that the load on each wedge was the same, the dynamics was not taken into 
account here. The results were recorded after reaching the specified load and clearly reflected on 
the paper sensors due to the change in density. This made it possible to obtain a clear picture of the 
distribution of contact pressures on the surfaces of the clamping device elements.

Uneven pressure distribution is a consequence of the influence of the design features of the 
clamping mechanism, as well as some technological factors, such as manufacturing and assembly 
accuracy, the macro geometry of contact surfaces, etc. As a result of the uneven pressure distri-
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bution, contact and volumetric deformations of the pipe significantly increase. This can lead to 
its premature failure. It is possible to reduce the unevenness of the pressure distribution by using 
self-aligning wedges and dies with an oblique intersecting notch [4].

Fig. 3. Distribution of pressure among the elements of clamping devices

4. 2. Improving the reliability of fastening cylindrical parts
The design of the clamping device plays an important role in increasing the reliability of the 

fastening of cylindrical parts. In this regard, a new pipe clamping chuck was proposed, which can 
be used on pipe-working and coupling-screwing machines.

The pipe clamping chuck presented here provides a sufficiently high reliability of fastening 
of cylindrical parts. This is achieved due to the fact that the chuck is equipped with cams with 
shoes, which provide the possibility of rotation. The wedges are fixed in the grooves of the cams 
and interact with the support rollers of the liners (Fig. 4). The chuck drive mechanism includes  
a power cylinder and a lever self-braking transmission 2, cams 3 installed in the housing 4. Curved 
wedges 5 are fixed in the grooves of the cams and contact with support rollers 6, which are located 
in the liners 7 located in the pads 8. In the liners 7 installed floating jaws 9. Pads 8 are located in 
cams 3 and are under the action of return springs 10. Pads 8 are installed in cams 3 on rollers 11.

The principle of operation of the cartridge is as follows. When pressure enters the rod cavity 
of the power cylinder, the cams through curved wedges and support rollers press the liners with 
jaws to the pipe. The pads move and the pipe is pre-clamped. The clamping jaws fit snugly against 
the pipe surface as they align themselves (Fig. 5).

Further, when the pipe is screwed on under the action of a torque, it turns together with the 
jaws and liners. In this case, the support rollers are rolled on curved wedges fixed in the cams, 
while the liners begin to move towards the center, and perform an additional clamping of the pipe. 
The clamping force is proportional to the effective torque.

After processing the pipe, pressure is applied to the piston cavity of the cylinder. The cams 
move apart, and the springs return the pads with liners to their original position. In order to prevent 
the pads from falling out of the cams, rollers are installed on them.
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Fig. 4. Pipe clumping chuck

Fig. 5. Clamping chuck in clamping state

The pre-clamping of the pipe provides the amount of adhesion of the jaws that is necessary 
for a secure grip and prevention of rotation under the main load. The pre-clamping force can be 
adjusted by the pressure in the cylinder of the drive mechanism. The effectiveness of this device is 
ensured by the high reliability of fixing the processed cylindrical parts. The presented pipe clamp-
ing chuck is protected by copyright certificate No. 910370.

5. Discussion of the research results of pressure distribution over the elements of clamping 
devices

In the oil and gas industry, when clamping drill and casing pipes in the capture zone, stres
ses often exceed the yield strength. Multiple clamps in the same area of the pipe cause the pipe wall 
to shrink, leading to premature pipe failure.

As a rule, the clamping forces act in the same area of the pipe. In some cases, compres-
sive stresses cause local plastic deformations in the gripping zone of the pipe in the clamping 
mechanism. The shape and dimensions of the elements of the clamping mechanisms also have  
a significant influence on the nature of the pipe deformations and stresses, as well as on the holding 
capacity of the clamping devices. This is due to the nature of the distribution of contact pressures 
on the surfaces of the parts of the clamping device.

In studies of the distribution of contact pressures, the method of prints was applied, based 
on the change in the translucency of paper as a result of its squeezing. The experiments were 
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carried out on a stand that simulates the operation of the clamping device in the process of 
round-trip operations (Fig. 1). In the wedge grip, 4 wedges, each equipped with three dies, si-
multaneously grip the pipe under the action of a clamping force. Subsequently, from the axial 
load (from the weight of the column), the final clamping of the pipe occurs. In this case, the parts 
of the clamping device are subjected to contact pressure at the joints. The results of squeezing 
paper sensors at different gripping points are shown in (Fig. 3). The results obtained are ex-
plained by the fact that the pressures on the supporting surfaces of the wedges are unevenly 
distributed. The highest pressures are noted at the ends of the lower jaw, which takes up the  
entire axial load.

The uneven distribution of pressures is a consequence of the influence of the design features 
of the clamping mechanism, in particular, the presence of a large number of joints, as well as some 
technological factors, such as the macro geometry of the contact surfaces, etc. At the moment, this 
problem has not been fully solved.

The limitations of this study are that drill pipes are its object, since they are most suscep-
tible to deformations from axial and radial loads during tripping operations. However, despite the 
fact that the research carried out refers to drill pipes, the main conclusions can be applied to other 
cylindrical parts.

The design of the clamping device plays an important role in increasing the reliabili-
ty of the clamping of cylindrical parts during processing. In this regard, a new pipe-clamping  
chuck was proposed, which can be used on pipe-working and coupling-screwing machi
nes (Fig. 4). The effectiveness of this device is ensured by the high reliability of fixing the pro-
cessed cylindrical parts.

Further development of this study can be continued taking into account other types of loads 
and different pipe materials.

6. Conclusions
As a research result, it was found that the pressure on the supporting surfaces of the wedges 

is distributed unevenly. In particular, contact pressures of up to 300 MPa are noted in the lower 
layers of the support plane, as well as in the lower parts of the surfaces of the backs of the lower jaw. 
The highest pressures are noted at the ends of the lower jaw, which takes up the entire axial load. 
The ends of the middle and upper jaws are practically unloaded.

In order to increase the reliability of the fastening of cylindrical parts during processing, 
a new pipe clamping chuck has been proposed, which can be used on pipe processing and coupling- 
screwing machines.
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