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Abstract
In oilfield equipment, a significant place is occupied by clamping mechanisms used to grip pipes during tripping operations. 

They are mainly divided into 2 groups. The first includes mechanisms with a forced clamping of the part. The second group includes 
self-clamping devices with a wedge mechanism. Here, the clamping force increases in proportion to the axial shear force. In these 
clamping devices, clamping jaws serve as a common element. In addition to smooth jaws, there may be jaws with notches on the inner 
cylindrical surface. Such notches contribute to an increase in the coefficient of adhesion when clamping cylindrical parts, in parti-
cular pipes. During the operation of clamping devices with corrugated jaws, the teeth of the notch are introduced into the pipe walls 
under the action of the clamping force. The shearing force can then displace the pipe relative to the jaws. The adhesion coefficient µ 
is the ratio of the shear force P to the clamping force Q, i. e. P/Q. Exceeding the shear force P of the limit value causes the pipe to be 
clamped to move. The correct choice of the place of load application is also of great importance.

Optimum clamping performance can be achieved by clamping workpieces without slipping from shear forces. At the same 
time, it is necessary to ensure reliability, efficiency, productivity. Therefore, all factors that determine the holding capacity of clamp-
ing mechanisms should be considered. These factors include the coefficient of adhesion, the design of the working surfaces of the 
clamping elements, the type of notch of the corrugated jaws and the place of application of the clamping force.

Keywords: holding capacity, drill pipe, clamping mechanism, string weight, clamping area.

DOI: 10.21303/2461-4262.2021.001765

1. Introduction
The factors influencing the quality of drill pipes in the clamping mechanism during opera-

tion are considered. Pipes are subject to elastic and plastic deformation. They are subjected to high 
loads from clamping forces, as well as axial tensile forces from the weight of the column. There-
fore, increased requirements are imposed on the reliability of pipes. Experiments were carried 
out to establish the effect of the load application on the stresses and deformations of cylindrical  
thin-walled parts.

Practice shows that wedge grips used in round-trip operations are widely used in the oil-
field business. Significant loads acting both on the wedge grips and on the pipes being clamped 
place high demands on their holding capacity. The elimination of accidents associated with the 
breakage of a string at the rig requires significant resources. This explains the relevance of the  
presented work.

The holding capacity of the wedge grip is related to the magnitude and nature of the stresses 
and deformations arising in the section of the pipe at the point of its grip. The correct choice of 
the area for fixing cylindrical parts will reduce deformation during operation. An important role 
is played by the methodology for calculating the maximum permissible weight of the pipe string.  
To achieve this aim, the following objectives were set:

a) determine the effect of the place of application of the clamping force on the stress state of 
the cylindrical part in the clamping mechanism,

b) improve the methodology for calculating the maximum permissible weight of a pipe 
string during tripping operations while drilling oil and gas wells.
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2. Literature review and problem statement
The high labor intensity and energy intensity of the oil production process make increased 

demands on the quality of drilling equipment, in particular, clamping mechanisms and drill pipes. 
Extending the service life of drill pipes minimizes the occurrence of emergencies. Therefore, work 
in this direction is of great practical importance.

In work [1], the design features of clamping devices used in round-trip operations when 
drilling wells are considered. However, not enough attention has been paid to damage to the outer 
surface of the pipe by clamping jaws.

In work [2] it is shown that the state of the pipe in the clamping device is influenced 
by various factors, such as radial and axial loads, clamping force, column mass, place of load 
application. It is noted that the most optimal operation of the clamping jaws is characteri-
zed by an oblique intersecting notch, which provides a high holding capacity of the clamping  
mechanisms.

Scientific research on the operation of clamping mechanisms with oilfield pipes has also 
been carried out at the American Petroleum Institute (API). In these works, it was noted that defor-
mations of drill pipes occur due to cuts, which are left by the teeth of the clamping jaws of the drill 
tongs or wedge grips [3].

Work [4] is devoted to the study of the influence of external factors on the stress 
state of the pipe. The analysis of adhesion coefficients in clamping devices is given. Methods 
for improving their elements in order to increase the adhesion coefficients are described. Me-
thods for improving the design of their elements are proposed in order to increase the adhesion  
coefficients.

Other works have also investigated the effect of clamping device design elements on the 
stress state and deformation of the pipe, and recommendations are given for improving their design 
in order to increase the holding capacity. A method of surface hardening is proposed to increase 
the service life of drill pipes [5–7].

In works [8, 9] it is noted what deformations the pipe is subject to during operation. The 
reasons for material creep are considered, which can be a consequence of stress relaxation under 
prolonged action of significant stresses. The process of stress relaxation and models for their deter-
mination and accounting are considered in [9]. These processes show that in order to increase the 
holding capacity of clamping devices, it is necessary to comprehensively study all the factors that 
affect the deformation of the drill pipe during tripping operations.

In studies [10, 11], attention is paid to the issues of safe operation of the pipe string during 
tripping operations.

Despite the extensive literature on this topic, many problems related to the behavior of drill 
pipes during tripping operations still await their solution. Insufficient attention is paid to recom-
mendations for reducing stresses and deformations when fastening thin-walled cylindrical and  
other similar parts in clamping devices. There are practically no dependencies for calculations  
and analysis of loading schemes.

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. There-
fore, studying the issues of increasing the holding capacity of clamping mechanisms and reducing 
pipe deformations is an urgent task.

3. The aim and objectives of research
The aim of this research is to determine the possibility of increasing the holding capacity 

of wedge grips and other clamping mechanisms in different conditions of work with cylindri- 
cal parts.

To achieve this aim, it is necessary to solve the following objectives:
– to determine the influence of the place of application of the clamping force on the stress 

state of the cylindrical part in the clamping mechanism;
– to improve the methodology for calculating the maximum permissible weight of a pipe 

string during tripping operations while drilling oil and gas wells.
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4. Materials and methods of research
4. 1. Analysis of the place of load application
An analysis of the influence of the place of action of clamping forces on the value of the 

maximum radial deformation of thin-walled cylindrical parts was carried out using an experimen-
tal research method.

The hypothesis was the idea that the place of application of the clamping load plays a sig-
nificant role in the magnitude of the radial deformation of the cylindrical part. An experiment 
was carried out using a specially designed pipe-clamping chuck for clamping the part (Inventor’s 
Certificate No. 910370) Fig. 1. When clamping the parts, the chuck pads are closed and the pipe is 
pre-clamped. When the pipe is screwed in, it rotates under the action of a torque, and an additional 
clamping of the pipe occurs.

Fig. 1. Pipe-clamping chuck

The maximum radial deformation of the pipe as a result of the action of a uniformly distrib-
uted annular load Q applied at the end of the pipe is determined by the formula:

 W
Q

D
max ,=

2 3β
 (1)

where β – angle of coverage with one jaw (Fig. 2).
With a load applied in the middle part of the pipe at a distance C L≥ ⋅ =3 4 2p β β from the 

end, the deformation is equal to:

 W
Q

D
cpmax ,=

8 3β
 (2)

where L – the limiting deformation zone.
Comparison of the values of the maximum deformations, which are determined by ex-

pressions (1), (2), indicates that with distance from the end face of the place of application of the  
load Q, the maximum deformation decreases, which reaches a minimum at C L≥ ≈ ≈p β β2 1 6 1.  
and remains equal Q D8 3β . In this case, a decrease in deformation is possible by 4 times.

The maximum radial deformation of a cylindrical part of small length (rings, bushings, 
sleeves) under the action of an annular force Q applied in the end section is equal to:

 W
Q

D
kavmax ,=

8 3 1β
 (3)

applied in the middle of the cylinder is equal to:

 W
Q

D
kavmax ,=

8 3 2β
 (4)

where k1 and k2 are coefficients depending on the length of the short cylinder, given in Table 1.
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Table 1
Auxiliary data for the transition from long cylindrical parts to short

βl1 0.4 0.6 0.8 1.0 1.2 1.4 1.7 2.0 3.0 6.0

K1 4.990 3.310 2.507 2.019 1.699 1.479 1.265 1.137 1.007 1.000

K2 1.601 1.406 1.228 1.079 0.975 0.921 0.915 0.946 1.000 1.000

Here βl1 – the reduced length of the short cylindrical part.
According to the above formulas (3), (4) and the data in Table 1, the ratios Wmax end /Wmax av 

are determined depending on the reduced length of the short part βl1 (Table 2).

Table 2
Reduction of deformations of a short cylindrical part of length βl1 when it is fixed in the middle

βl1 0.4 0.6 0.8 1.0 1.2 1.4 1.7 2.0 3.0 6.0

Wend /Wav 12.5 9.45 8.2 7.5 7.0 6.43 5.55 4.8 4.028 4.0

When clamping short cylinders (rings, sleeves), clamping forces should be applied not at the 
end, but in the middle of the workpiece being clamped. In this case, the maximum deformations 
are reduced up to 10 times. With a decrease in the length of the part βl1, the reliability of fixing in 
the middle part increases.

In existing clamping mechanisms, the clamping force is distributed over the area. To check 
the optimal choice of the place for fixing the pipe in the mechanism that provides a uniformly dis-
tributed load on the section li, 2 options are possible:

1. Uniformly distributed load acts at the end on the length li, and the maximum value of the 
radial deformation is obtained in the section at the end Wmax end li.

2. Uniformly distributed load acts on the same length li in the middle part of the part. And 
the maximum radial deformation Wmax av li is observed in the middle of the section where the force 
is applied.

The results of comparison of the maximum deformations Wmax end li and Wmax av li arising at 
different lengths of the loading section βl1 are given in Table 3.

Table 3
Reducing pipe deformations when fixing it in the middle part

βl1 0.2 0.4 1 1.4 2 2.6 3 4 7

Wend li/Wav li 3.61 3.26 2.37 1.94 1.47 1.24 1.10 0.95 0.97

It follows from the above table that when fixing a cylindrical part with a uniformly distri-
buted load of Q value over a length βl1, it is advisable to use the clamping force in the middle part 
at a distance l2 3 4 4≥ ⋅ p β from the end.

4. 2. Calculation of the permissible load on the drill pipe
With increasing drilling depths, special attention should be paid to calculating the ma ximum 

permissible pipe load. This is due to the fact that with a large weight, the risk of column breakage 
increases. To ensure reliable operation of the clamping device, it is necessary to determine the ma-
ximum load on the pipe. Such a load should not exceed the moving load. A method for calculating 
the permissible load on the drill pipe is proposed.

When selecting drill pipe strings, only axial load is taken into account, that is, weight. The 
obtained results of experimental studies made it possible to develop a methodology for calculating 
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the maximum permissible weight of drill strings, taking into account the influence of some factors. 
The determination of the ultimate axial load on a pipe clamped in a wedge grip (Fig. 2) is carried 
out according to the formula [11]:

 P
F
d

l
av

=
+

+( )

σ

a ϕ
1

4 tg

,  (5)

where F – cross-sectional area of the pipe; α – slope angle of the wedge; φ – angle of friction bet-
ween the outer surface of the wedges and the body; l – wedge length; dav – average diameter of the 
pipe section.

The safety factor is taken to k = 1.15–1.2.

Fig. 2. Drill pipe in wedge grip

Fig. 2 shows the zone of action of the wedge grip on the pipe during the round trip operations.
Fig. 1 shows a chuck used to investigate the effect on deformation of a load location on short 

cylindrical parts.
Comparison of the results of ultimate loads, calculated using this formula, with experimen-

tal data obtained when determining stresses and strains in a drill pipe clamped in a wedge grip, 
showed that the above formula gives overestimated values of the permissible load.

When calculating the load, one should also take into account the error in the shape of the 
pipe, inaccuracy in the manufacture of parts of the clamping mechanism, incomplete coverage of 
the pipe with clamping jaws, etc. Taking into account the experimental data obtained, coefficients 
reflecting the actual conditions of clamping should be introduced into the above formula.

The maximum permissible load on a drill pipe clamped in a wedge grip with a uniformly 
distributed load should be determined by the formula, taking into account the coefficient k, taking 
into account the actual contact area of the jaws with the pipe:
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,  (6)

where k – coefficient taking into account the actual contact area of the jaws with the pipe, 0.4–0.7; 
k1 – safety factor 1.2–1.6.

The ultimate load P on the drill pipe clamped in a wedge grip with gaps between the  
jaws ˃5° should be calculated by the formula:

 P
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,  (7)

where k2 – coefficient that takes into account the actual angle of coverage of the pipe with jaws:

 k
n

2 360
=

β
,  (8)

where β – angle of coverage with one jaw; n – number of jaws along the perimeter; k3 – coefficient 
characterizing the value of the bending moment in the section between the jaws in connection  
with a decrease in β;

 k3
1=

η
η

,  (9)

where η – coefficient characterizing the value of the bending moment in the section between the 
jaws (α = 45°); η – coefficient characterizing the value of the bending moment in the section α = 45° 
when clamping a part with a load evenly distributed along the perimeter.

η is determined by the formula:

 η
p

θ θ θ θ θ a ai = +( ) +  − +( )1
1 2 32sin sin cos sin sin cos ,  (10)

where

θ
β

=
2

.

Using the above formulas, it is possible to determine the permissible weights of drill strings 
for various sizes and strength groups of the pipe material. The values of the coefficients are deter-
mined according to the given method.

5. Results and discussion of the study of the state of the cylindrical part in the clamping 
mechanism, as well as the factors affecting the permissible weight of the drill string

In the process of clamping short cylindrical parts such as pipes, rings, sleeves, a radial load 
is exerted on them, causing deformations of the shape, which depend on the place of application of 
the load. The experiments carried out made it possible to compile tables of deformations of cylin-
drical parts in different places of action of clamping forces. Analysis of these tables shows that the 
smallest deformations occur when clamping parts in the middle part of a cylindrical part under the 
same radial loads. The results of the analysis show that thin-walled cylindrical parts (pipes, sleeves, 
rings) should be fixed not at the end, but in the middle part, so as in this case, the maximum defor-
mation is less with the same clamping forces.

When clamping short cylinders (rings, sleeves), clamping forces should be applied not at the 
end, but in the middle of the workpiece being clamped. In this case, the maximum deformations 
are reduced up to 10 times. With a decrease in the length of the part, the reliability of fastening in 
the middle part increases.
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During tripping operations, at individual peak points, the compressive stresses exceed the 
pipe’s yield point. These points are formed by repeatedly clamping the pipe in the same area, which 
can lead to an emergency. The existing calculation of the maximum permissible weight of a pipe 
string does not take into account factors that arise in real conditions, and gives overestimated va-
lues of permissible loads. Coefficients are entered into the calculation formula taking into account 
the actual clamping conditions.

The influence of the place of application of clamping forces on the value of the maximum 
radial deformation of thin-walled cylindrical parts is considered.

Based on the results of the experiments, tables of radial deformations of cylindrical parts are 
compiled for different variants of places of load application. The results of maximum deformations 
at different lengths of loading sections are compared. From the analysis carried out, it follows that 
the cylindrical parts must be fixed not at the end, but in the middle part, due to the fact that the 
maximum deformation in this case decreases with the same clamping forces.

The sources on deformations of thin-walled parts did not consider the question of the opti-
mal place for applying a load to a short cylindrical part. Materials of cylindrical parts, grades of 
alloys and their physical and mechanical properties can be taken into account in further work. The 
complexity of this study is the need for extensive industrial testing. During tripping operations in  
a wedge grip, the drill or casing is subjected to multiple clamping in the same range. If, at indivi-
dual peak points, the compressive stresses exceed the yield strength of the pipe, plastic deformation 
occurs at these points on the pipe surface. With a large number of clampings, plastic deforma-
tion manifests itself at different points of the pipe along the length and circumference, forming  
a decrease in the outer diameter of the pipe in this area. In this case, timely rejection of damaged 
pipes is necessary in order to avoid creating an emergency.

The existing method for calculating the maximum allowable weight of a pipe string does not 
take into account the factors that arise in practical conditions and gives overestimated values of the 
allowable loads. This can lead to pipe failure. Factors have been entered into the formula to take 
into account the actual clamping conditions.

In the future, industrial tests of new designs of elements of clamping devices should be 
carried out. These studies were conducted with drill pipes only, although the main findings can  
be applied to other types of pipes. The development of this study may consist in the application of 
the results for drill and casing pipes from different types of materials, alloy grades and physical and 
mechanical properties, and with the use of other types of loads.

6. Conclusions
On the stand simulating the operation of the wedge clamping device, experiments were 

carried out to determine the influence of the operating conditions of the clamping devices on the 
stress state of the clamped pipe during operation.

The results of the comparison of deformations show that short thin-walled cylindrical 
parts (pipes, sleeves, rings) should be fixed not at the end, but in the middle part. In this case, 
the maximum deformation is less with the same clamping forces. When clamping short cylin-
ders (rings, sleeves), clamping forces should be applied not at the end, but in the middle part of the 
clamped part. In this case, the maximum deformations are reduced up to 10 times. With a decrease 
in the length of the part, the reliability of fastening in the middle part increases.

The method for calculating the maximum permissible weight of a pipe string has been im-
proved. In practical terms, it is necessary to take into account such factors as the out-of-roundness 
of the pipe, inaccuracy in the manufacture of the elements of the clamping device and the asso-
ciated incomplete coverage of the pipe with jaws. The calculation formula includes coefficients that 
take into account the actual clamping conditions.
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