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Ananiz eioopaxosanux Oypusvhux mpyé, AKi npauoeaniu 6 KJIuUHo-
6UX 3axeamax, NOKA3ae, wj0 OCHOBHOI NMPUMUHOIO 6I00pAKYEaAHHs Mpyod
€ 3MeHuenna cminku mpyou 6 pesyavmami naacmurnux depopmauii, wepes
nowxooxcenns nogepxui mpyou 3yousmu naawox. Illpu mpusanomy ennuei
Hasanmadicenv 6i0dysaromvca naacmuii depopmauii yuainopuunux dema-
Jlell, wo Modxce npueecmu 00 HENPUNYCMUMUX NOWKOONHCEHb | CROMEOPEHD
dopmu. Y nadpmosiii npomuciosocmi npu 3amucky OYpunrbHUx i 00caoHux
mpy6 Hanpyea Ha 0eaKux OLIAHKAX 6 30HI 3AX0NJIeHHA NepedePuLye epanu-
uro mexyuocmi. Illpu 6azamopazosux 3amuckannax mpyou modxce 8i0oymucs
3MeHwenna cminku mpyou 6 obaacmi zaxeamy, wo npu3co0ums 00 nepeo-
4ACH020 6ux00y mpyoéu 3 nady. SMuHanHs mpyou iddyeacmovcs He 6iopa-
3y npu 000aeami HABAHMANCEHHS, A NOCMYNOBO JOKANGHUM NIAACMUUHUM
depopmysannam mpyou 6 piznux mouxax no 0068)cuni ma Koy, de Hanpyeu
nepegepuyoms 2panuyio mexy1ocmi mamepiany mpyou. 3 memoro 3anooi-
2anns nenpunycmumux depopmauiii mpyo 6 npoueci nycxkoonepauii 6yau
PO32NANYMI MONHCAUBOCMT 3MEHUEHH HABGAHMANCEHD.

Y 36’a3Kky 3 uum ocobausy yeazy 0yno npudiieno KOHCMpYKUii 3amuck -
Hux 2ybok, wo 3abesnewyromo nidsuuieny ympumyiouy 30ammuicno, i mex-
HON02ii ix euzomoegaenns. Halibinvwy ympumyiony 30amuicmo 3abe3newy-
10mv 2yOKU 3 KOCOI PUCKOI0, W0 nepexpeuyemocs. Y maxux 2yoxax 3youi
HACIMKU PO3MAUOBYIOMbCS 8 <uaxoeomys> nopsoxy. Lle dozeonse euxnio-
YUMU YMBOPEHHS BEPMUKANLHUX KAHABOK HA MiNi mpyOu 6HACAIO0K npo-
K063Yyeanis ii 6i0 0cv06020 Hasanmaxcenns. OOHAK 6U2OMOBNEHH MAKUX
HACIMOK Ha GHYMPTWHIT YUNTHOPUMHIL NOBEPXHL 3AMUCKHUX 2YOOK BUKIUKAE
neeni mpyonowyi. Ile noe’a3amno 3 mum, wjo Hemae CMaHOAPMHUX iHCMPYMeEH-
mi6 0151 6U20MOBIIEHHA MAKUX HACTUEHUX NOBEPXOHb CKIAOHOT KOHDi2ypauii.
B pesyavmami npogedetozo docnioxcenns 6ye CKoncmpyiiosanuii i 6u20mos-
Jlenuil cneyianvHuil incmpymenm, i po3podiena mexnonozia o020 6uzomoe-
nenns. Ile 00360un0 nonezwmumu npoyec HAPI3YEAHH HA 3AMUCKHUX 2Y0-
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1. Introduction

During hoisting operations, drill pipes are repeatedly sub-
jected to clamping efforts in the same region. At some points,
the stresses of compression exceed the fluidity limit of the
pipe metal. This causes local plastic deformations in the pipe
capture area in the clamping mechanism. The consequence is
the reduction of the pipe wall, which, in case of late rejection,
leads to a danger of breaking the string of pipes.

In addition to clamping efforts, the emergence of defor-
mations and stresses in a pipe is also affected by the shape and
size of the elements in the clamping jaw notch. The largest
retention capacity is demonstrated by clamping jaws with
an oblique intersecting notch at the inner cylindrical surface.

It is a relevant task for machine building, oil and gas, and
other industries to study the factors that affect the retention
capacity of clamping devices.

2. Literature review and problem statement

The oil industry faces a constant need for improved drill-
ing equipment. This is due to the high labor cost and energy
intensity of oil production. Improving the quality of drilling
equipment is aimed at extending its lifespan, in order to
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eliminate any possibility of an emergency. In this regard, the
technological methods that ensure the quality of pipes are of
great importance [1].

Paper [2] explores some of the design features of wedge
grips, which are the most reliable devices for hoisting opera-
tions during wells drilling. However, no attention was paid to
damage to the surface of the pipe by clamping jaws.

Work [3] shows that the damage to a pipe during hoisting
operations occur largely due to the action of clamping jaws.
The condition of the pipe is also influenced by a large number
of factors, such as radial and axial loads, clamping force, co-
lumn weight. It is shown that the evenest distribution of load
on the teeth of clamping jaws is ensured by an oblique inter-
secting notch, which provides for a high retention capacity of
clamping devices.

Studies [4—6] show the deformations that a pipe is ex-
posed to during operation. It follows that in order to improve
the retention capacity of clamping mechanisms, a comprehen-
sive study of all the factors acting on the deformation of the
drill pipe during hoisting operations is necessary. The authors
considered the external factors acting on the stressed state
of a cylindrical component. Grip ratios in clamping devices
were analyzed. The authors proposed methods to improve the
design of their elements in order to increase grip ratios. How-
ever, it is not possible to take all factors into consideration.



A study of clamping mechanisms involving drill pipes was
also reported by the American Petroleum Institute (APT) [4].
API standards indicate that drill pipe deformations are
caused by cuts on their surfaces left by the teeth of dies from
wedge grips or drill wrenches.

The stresses and deformations of oilfield pipes in the
clamping mechanisms were also investigated in papers [7, 8].

All the cited studies addressed the effect of clamping
device design elements on the stressed state and deformation
of the pipe and provided recommendations to improve their
design in order to enhance retention capacity.

It should be noted that drill pipes are operated under
long-term stresses, which are close to the limit of fluidity.
This could cause the material creep processes that are not
currently included in the estimations of drill pipes. The result
is the plastic deformations of a pipe wall and a decrease in its
retention capacity. The processes of material creep could also
be a consequence of the relaxation of stresses under long-
term exposure to high-magnitude stresses. These processes
were considered in work [9].

The technical literature practically lacks the dependen-
ces for engineering calculations and analysis of the loading
schemes for the thin-walled cylindrical parts that are most
common to clamping devices, as well as other components
and structures analogous to them. Insufficient attention
has been paid in the literature to recommendations for
reducing stresses and deformations when fixing these com-
ponents [10]. Therefore, it is an important task to tackle
the issues on improving the retention capacity of clamping
mechanisms in general and wedge grips with ribbed surfaces
of clamping jaws in particular.

3. The aim and objectives of the study

The aim of this study is to improve the design of the
wedge grip clamping jaws to enhance their retention capa-
city. The use of clamping jaws (dies) with an oblique inter-
secting notch produces the greatest effect compared to other
types of notches. Their application would make it possible
to reduce damage to drill pipes during operations in wedge
grips. That would decrease the risk of accidents at hoisting
operations, as well as other drilling operations.

To accomplish the aim, the following tasks have been set:

—to devise, based on the proposed tools, a technology
for cutting the teeth of the notch for clamping jaws whose
inner surface is cylindrical, which have the greatest retention
capacity;

—to determine the mechanism of operation of ribbed
surfaces, taking into consideration their geometric features.

4. Patterns in cutting an oblique intersecting notch
on jaws with an inner cylindrical surface

4. 1. The tool and technology of notch cutting

The best indicators of retention capacity are demon-
strated by ribbed jaws with an oblique intersecting notch.
However, the use of jaws with an internal cylindrical surface
that have such a notch is constrained by the technological
difficulties of making them. Existing methods for cutting the
notch on round jaws are either unacceptable for an oblique
cross-cutting notch or unproductive and require specialized
equipment.

Given this, we have proposed a method for cutting the
cross-cutting notch on jaws with an inner cylindrical surface
using a specially designed tool [11]. Under this method,
the oblique intersecting notch is cut at turning machines
applying a specialized high-performance tool. A schematic of
making this tool is shown in Fig. 1.
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Fig. 1. Schematic of making the tool:

1 — cutter, 2 — disk, 3, 4 — elements of the machine,
5 — side view, 6 — running screw
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The tool is made in the form of two disks, equipped with
screw teeth. All grooves of the notch of the same direction
are machined at the same tool configuration, obtaining the
full profile of the notch over 4-5 runs. Two sets of cutting
disks with the right and left direction of the grooves (Fig. 2)
are used to cut the oblique intersecting notch. The cutting
disks are fixed on the mandrel with dowels and nuts. Bet-
ween the disks, the distance rings are arranged, providing
an angular shift of the disks to half a step of the profile of
their teeth. Therefore, the step of the profile of the disk
teeth is twice the step of the profile of the notch being
cut. This improves the technology of the tool manufacture,
as well as its durability, due to the possibility of multiple
sharpening.

The initial data for calculating the geometry of the tool
are the following parameters of the clamping jaws:

1) diameter of the inner surface equal to the diameter of
the clamped part D;

2) a notch step in the normal section ¢

3) half the angle of the profile of the notch tooth v;

4) the lift angle of the screw line &/2.

The following characteristics of the tool are determined:

— the number of tool teeth:

180
z=—o0
o,

where o is the center angle is between the top and the base of
the tool tooth in the end-face cross-section;

— the outer diameter of the tool D:

D,=D+2h,

where / is the height of the tooth notch;
— the height of the tool tooth A;:

h12h+2,

— half the angle of the tool’s tooth profile:



where
L1
o = arcsin—;
D

— a step of the screw line along which the machine is set:
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Based on the specified procedure, we have calculated and

fabricated a tool to cut the notch on dies «140» in wedge
grips, the type of PKR.
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Fig. 2. A tool for cutting the teeth in clamping jaws
with an oblique intersecting notch
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Fig. 3. A tool to cut oblique intersecting notches

4. 2. Analysis of the accuracy of notch cutting

When calculating, designing, and operating clamping de-
vices, making them more durable requires the consideration
of a combination of factors that determine the retention
capacity of the clamping devices.

The retention capacity refers to the qualitative characte-
ristic of the properties of clamping devices, meeting the re-
quirements of the technological process, and determined by
a set of influencing factors. These factors include a grip ratio,
a base layout, structure of the working surface of clamping ele-
ments, the design of the notch at the ribbed surface of jaws, etc.

The operation of clamping devices with ribbed clamping
jaws is conditionally divided into two stages: the introduc-
tion of notch teeth into the material of the fixed part under
the influence of the clamping force, and the attachment to
the fixed part of the shifting force, which seeks to move it
relative to the jaws. To test the technological capabilities of
the proposed method and to calculate the accuracy of the ele-
ments in the designed tool, we analyzed the accuracy of cut-
ting an oblique intersecting notch at the cylindrical working
surface of jaws in a pneumatic PKR-type wedge grip.

Among the elements of the notch on a clamping jaw, the
main effect on its retention capacity is exerted by the height
of the teeth of the notch and the amount of their blunting.
Therefore, the accuracy in the execution of these parameters
of the notch determines the accuracy of the technological
process of cutting an oblique notch.

There is a functional relationship between the width of
the blunting area of the tooth notch d and the height of the
tooth & (Fig. 3):

d=t-2htgy,

where ¢ is the step of the notch.

In this regard, all technological factors that affect the accu-
racy of obtaining the predefined height of the tooth affect at the
same time the accuracy of obtaining the width of the blunt area.
Errors in the step and angle of the tool’s teeth profile, due to the
inaccuracy of the manufacture and the inaccuracy of the mu-
tual arrangement of cutting disks on the mandrel, affect only
the accuracy of the size of the blunting area in the notch teeth.
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Fig. 4. Sketch of a clamping jaw with an oblique
intersecting notch




Fig. 5. Clamping jaws (dies) with an oblique
intersecting notch

The technological factors that characterize the process
underlie the calculation of the cutting accuracy of an oblique
intersecting notch. We have estimated the magnitudes of the
primary errors caused by these factors, as well as the total
error in the execution of the height of the notch tooth and
the width of the blunting area.

An analysis of the accuracy of mechanical machining of
jaws with an oblique intersecting notch has revealed that the
proposed technology ensures the accuracy of the height and
width of the area of the notch tooth within the tolerances for
these sizes.

We have investigated the distribution of load over the
teeth of the oblique intersecting notch of jaws with an inner
cylindrical surface.

For a finite number of teeth, the load N; on any round of
teeth is determined from formula:

N, =|—=.v-w |P, (1)

m 1
2V,
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where P is the axial shifting force;
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For the oblique intersecting notch Az and A3 are deter-
mined as follows:
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where a=t is the step of the notch in the direction of the
action of the force P.

The method and the tool for cutting an oblique intersect-
ing notch were tested when cutting notches on the dies of
a wedge grip, the type of PKR. These dies were successfully

tested at a bench and industrially at the Sangachal Drilling
Authority (Baku, Azerbaijan Republic). The experiments
were conducted at a specially made bench equipped with
hydraulic jacks, imitating the operation of a wedge grip. We
examined the branch pipe of a drill pipe, E strength group,
with a diameter of 141 mm and a thickness of the wall of
10 mm and a length of 1,000 mm. The pipe was exposed to
the radial clamping force of up to 700 tons and the axial
stretching effort up to 120 tons. Among jaws with different
types of notches, the best result in terms of the uniform load
distribution was demonstrated by jaws with an oblique in-
tersecting notch.

5. Discussion of results of studying the tool and
technology for cutting an oblique intersecting notch

A special feature of the drill pipe, sandwiched in a wedge
grip, is that during hoisting operations the clamping efforts
fall in the same region. This gradually leads to the plastic
deformations of this region and the formation of a thinning
cervix of the pipe, which could lead to an emergency. There-
fore, the use of ribbed jaws with an oblique intersecting notch
that have the best retention capacity could reduce the peak
deformations of a clamped sample by 30—50 % while reduc-
ing the load by 23 % [3].

Our calculations of the load distribution over the teeth
of the notch, (1) to (5), showed that the evenest distribution
occurs over the teeth in the oblique intersecting notch.

The complexity of the design of clamping jaws with an
oblique intersecting notch is predetermined by the impos-
sibility of making it using existing standard methods and
tools. Given that the ribbed jaws with an oblique intersecting
notch provide the greatest retention capacity during hoisting
operations, their use would increase the time of failure-free
operation of drill pipes by 10—12 %, as well as reduce slippage
at clamping that forms scratches.

Even though our study was limited to drill pipes, the
main findings could be applied to other types of cylindrical
parts. In particular, such cylindrical components as casings,
sleeves, barrels, etc.

The solution to the task of improving the retention ca-
pacity of clamping mechanisms is in the field of improving
the elements of clamping mechanisms, in particular, ribbed
jaws. To a certain extent, this is facilitated by the use of dies
with an oblique intersecting notch. However, it has not yet
been possible to industrially produce such dies due to orga-
nizational and resource constraints.

The current study could be further advanced by taking
into consideration other types of loads and different pipe
materials.

6. Conclusions

1.In order to improve the elements of the clamping
mechanism design, which would reduce damage to drill
pipes due to the action of clamping efforts during hoisting
operations and increase their retention capacity, the tool and
the technology for cutting the notch teeth of the clamping
jaws with an inner cylindrical surface have been devised.
Such a design, implemented by using the proposed tool and
the cutting technology, demonstrates the greatest retention
capacity. The technology of making such jaws has been



developed for standard metal cutting equipment; and a batch
of such jaws has been produced, which passed bench and
industrial tests.

2. We have investigated the operational mechanism of
the ribbed surfaces of clamping jaws taking into consider-
ation their geometric features. It implies that when a pipe
is clamped the tooth of the notch penetrates the body of the

the pipe is repeatedly clamped, its wall decreases as a result
of the deformation. The so-called «thinned necks is thereby
formed, which could lead to an emergency if the pipe is in
operation for a long time. Our analysis of the accuracy of
mechanical machining of jaws with an oblique intersecting
notch has revealed that the proposed technology ensures
the accuracy of the height and width of the area of the tooth

pipe causing plastic deformation. When the same section of  notch within the tolerances for these sizes.
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