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Ocmannim wacom eenuxa yeéaza NPudiNAEMbCa OP2aAHi3QUItiHUM 3aX00aM
w000 nidsuuena aKocmi npooyKyii Hagmosozo mawmunodyoysanns, 30Kpema,
B8NPOBAONCEHH CUCMEM MeHedHCMenmy aKocmi Ha 6a3i cmandapmis ISO cepii
9000. IIpome ne empamunu cé0€i 3HAUUMOCME MEXHOI02IMHI Memodu 3abe3ne-
UeHHS AKOCM.

Po3zenanymo uunnuxu, wo enauearomv Ha AKICMb YUTTHOPUUHOT MOHKOCMIH-
Hoi demaui 6 npoueci excnayamauyii. Hatioinow icmomnumu paxmopamu € sycu-
N5, wo Oitomv HA 0emanv 8 NPoueci it 3axXONJeHHA 8 3aAMUCKHOMY MEXAHIIMI.

IIposeodeno excnepumenmu na 0iro HagaHmax ceHv Ha Oemas, WO 3AMUCKA-
1omv. Mema yux excnepumenmis — 6CMAaH0BIAEeHHA 6NIUSY HA HAnpYyeu i dedop-
Mauiil yuiHOpuMHUX monxocminnux demanei piznux paxmopis. Ocroenumu
daxmopamu Kkpim 000aHUX CUTL € KYM 0XONTEHHSA 3AMUCKHO20 elleMeHma, 006~
HCUHA 3IMKHEHHS 11020 3 0eManiio, po3nooisl HAAHMANHCEHHS HA 3YOUAX 3amuc-
KHO20 enlemenma.

3 po3sumicom eaubor020 Gypinna i 30iNbUEHHAM HABAHMAIICEHD, WO Oilomb
Ha KAUHOBI 3AX6AMU, 3POCMAIOMb BUMOU, W0 NPE’I8AAIOMbC 00 iX ympu-
Mmyrouoi 30amnocmi. Hedocmamis ympumyrona 30amuicmv Kaun06020 3ax6a-
my modice npuzeecmu 00 NOWKO0ICEHHA MpYoU 6 Micui 3amucky il Kaunamu.

Ipu yvomy samuckui 3ycuans ditomo 6 00nil i miil xce obracmi mpyou,
YmeEopIoouYU CMOHWEHHA WUHKY npu mpueanii excnayamauii. Peyavmamom
maxux nowkooicenv € nepeduacnuil 6uxio Gypunvioi mpyou 3 1ady i nebes-
nexa 6UHUKHEHHS A8apiinoi cumyaui.

Icmomnuii énnue na ympumyrouy 3damuicmo KAuUH08020 3axeamy HaAoa-
1omv enemenmu 1020 Koncmpykuii. Mae 3nauenns maxosjc Hanpyicenuii cman
oypunvroi mpyou, zamucnymoi 6 xaunosomy saxeami. Pospaxosano onmu-
MAJIbHI 260MeMPUMHI XAPAKMEPUCMUKY 3aMUCKHUX 2yoox. Halikpawi noxaznu-
Ku 0aromo puaeni 2yoxu 3 K0Cor HACiuK010, w0 nepexpeuwyemocs. Pozenanymo
PO3n00in HasanmasiceHHs Ha 3yousax zamucknux eydox. Ioxkazamno, wo onmu-
ManvHuil po3noodin nasanwmadicenns na 3yousax 3adesneuyriomo 2yoKu 3 KOCO0
Haciukoro, uwo nepexpeuwyemvca. Ipu yvomy na 1-ii 3y6 dosodumovcs 26 %
nasanmascenns, na 2-u — 22 %, na 3-u — 19 %, na 4-u — 17 %, na 5-ut — 16 %.

Pesynvmamu ompumanux danux 003601smv HeCmu maxi 3MiHU 6 KOH-
CMPYKUilo 3amuckHux npucmpois, axi icmomuo niosumwamo ix ympumyrony
30amuicmo i smenuwamo nebesnexy UHUKHEHHA A8APTUHUX CUMY Ayl

Kntouosi cnosa: oypunvni mpyou, xaunoeuil 3axeam, HABAHMANHCEHHS,
Hnanpyeu i depopmauii, ympumyrona 30amuicmo
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1. Introduction

A study [4] has shown that when fixing with grooved sur-
faces the estimation scheme to be considered should be the
scheme of a uniformly distributed load. Based on this, the au-
thors substantiated a possibility to apply the general theory
of a cylindrical shell in order to calculate the displacements
and stresses when pipes are fixed with rigid grooved jaws.

Of great importance for determining the magnitudes
of displacements and stresses at different schemes of fixing
pipes exposed to the action of the asymmetric and axisym-
metric loads applied to a pipe is the character of dependence.
Given this, it is a relevant task for oilfield engineering, oil and
gas and other industries, to study those factors that influence
the gripping capacity of clamping devices.

2. Literature review and problem statement

Paper [1] provides a guidance on the implementation of
quality management systems based on the ISO 9000 series

This is an open access article under the CC BY license
(http.//creativecommons.org/licenses/by/4.0)

standards. Oil industry urgently needs to improve the quality
of drilling equipment. This is due to large labor intensity and
energy cost of oil extraction. Improving the quality of drill-
ing equipment would make it possible to prolong the service
life of pipes and avoid accidents [2]. However, in addition to
organizational methods, of great importance is the techno-
logical methods to ensure quality.

Study [3] describes the design features of wedge clamps.
However, the unresolved issues are related to damage to the
body of a pipe from the clamping jaws with notched surface.

Work [4] reports results from studying the states of
a pipe, sandwiched in a wedge clamp, under the action of the
applied efforts. It has been shown that the main damage to
a clamped pipe is due to the action of the clamping jaws. The
unresolved issues are related to the unacceptable damage
to a pipe arising in the process of repeated clamping, which
could lead to an emergency. This is due to the action of a large
number of factors affecting the state of a pipe.

Paper [5] addresses the influence of a drill pipe axis offset
on its stressed state when it is clamped in a wedge clamp.
It shows the kind of deformations that a pipe is exposed to



during operation. It is noted that overcoming these difficul-
ties requires a comprehensive study of all factors affecting
the deformations and the stresses state of a drill pipe in the
process of hoisting operations.

A study into the thin-walled cylindrical components
using a drill pipe as an example is reported in work [6]. It
gives an analysis of various factors affecting the stresses state
of the cylinder under the action of external forces. However,
the work lacks experimental data [7].

The gripping capacity of notched surfaces is characteri-
zed by a coefficient of adhesion whose values vary according
to different sources. The adhesion coefficients in different
mechanisms were investigated in [8]. The authors proposed
methods to improve the coefficients of adhesion for clamping
mechanisms by improving their structural elements. How-
ever, not all factors were taken into consideration.

A new design of notches at jaws, manufactured by a spe-
cialized technology, was proposed in [9] in order to improve
the gripping capacity of clamping devices.

Standards by the American Petroleum Institute (APT) [10]
indicate that the cause for breaking drill pipes are most often
the cuts of pipes by wedges. Deep cuts at the surface of drill
locks and connecting ends are left by the teeth of jaws at
automatic and mechanized drilling keys.

The result of deformations due to clamping forces when
threading the casing and pump-compressor pipes and cou-
plings are the continuous channels formed along the cone
threads, which lead to a disruption in air tightness. Analysis
of the causes of failure of steel drill pipes has revealed that
approximately 75 % of all defected pipes were broken due to
imperfections at wedge clamps and to exceeding the permis-
sible loads on a pipe. There are many more examples of short-
comings in the calculation, design, and operation of clamping
devices. Given this, it should be noted that improving the
gripping capacity of wedge clamps represents a scientific and
practical importance to the oil industry.

The gripping capacity of wedge clamps is associated with
the magnitudes and the character of stresses and deforma-
tions that occur in the body of a pipe at the place it is clamped
with wedges. The stressed state and deformations of the pipe
clamped with wedges were explored in other works as well.
A similar study was undertaken at the California Institute
of Technology jointly with companies Varco and McEvoy
(United States).

Those studies addressed the influence of design elements
at wedge clamps on the stressed state of a pipe; they provide
recommendations for the calculation of drilling strings con-
sidering the axial and transverse loads.

Paper [11] shows that drill pipes are exposed to abrasive
wear at the friction of their outer surfaces against the walls of
a borehole or a casing column. The result of such a wear is the
thinned neck of a pipe, which at exceeding the permissible
magnitude can cause an emergency. Together with the defor-
mation due to clamping effort, this factor negatively affects
quality of a pipe during operation.

Experiments in study [12] demonstrated that in a de-
fective pipe the residual wall thickness of 6 mm is critical
and contributes to the destruction of a pipe’s material. The
material at this place starts to work in the region of plastic
deformation; the geometrical dimensions change, there is
a risk of metal’s destruction.

An analysis of the scientific literature reveals that the
overall understanding of the mechanism of wedge clamps’
operation is treated with certain differences. Little attention

has been paid to the impact of design of the clamping jaws.
Some issues were covered insufficiently in the publications.
Therefore, identifying a possibility to improve the gripping
capacity of wedge clamps, as well as clamping mechanisms
with the grooved surfaces of clamping jaws in general, neces-
sitates a more detailed research.

The need to undertake a given study has existed for
a long time. However, neither the scientific and technical lite-
rature, nor industrial practice by leading enterprises could
provide any information about similar studies in recent years.

3. The aim and objectives of the study

The aim of this work is to study the influence of structu-
ral elements in a wedge clamp on its gripping capacity. That
would help reduce the damage to drill pipes during hoisting
operations and could improve the gripping capacity of wedge
clamps.

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

—to investigate load distribution due to a shear force
over the teeth of notches at clamp jaws with inner cylindrical
surface;

— to explore the stressed state of a clamped pipe;

— to define the impact of structural elements in clamping
jaws on the gripping capacity of the clamping mechanism.

4. Studying the factors influencing the quality
of a drill pipe during operation

4. 1. Determining the permissible inclination angle of
the helix line of oblique notch

A common structural element in clamping devices are
the jaws with grooved inner surface. They accept the three
types of load: axial load P, torque M,,, and the axial load P
and torque M, at the same time.

When a part is clamped by jaws with an internal cylin-
drical surface at the inclination angle of their notch less than
the permissible one, there occurs the screw movement of the
clamped cylindrical part along its axis if one uses jaws with
a notch in the same direction. To avoid this, we determined
the permissible inclination angle of the oblique notch for
cylindrical jaws in a wedge clamp:

wsin Yt 20
2

(1

[g] > arctg s
(COS%+ W-sin %)sin(p

where y; and v, are the angles of a notch tooth profile;
@=arctg f, [ is the coefficient of friction between the teeth of
a notch and a pipe’s material; ¢;=arctgfy, /1 is the coefficient
of friction between the guides of jaws and a clamping device;
uw is a conditional adhesion coefficient.

A slip of the part in jaws can be avoided by using the
mirror-arranged notches at opposite jaws, as well as by using
jaws with oblique intersecting notch.

4. 2. Load distribution over the teeth of clamping jaws
due to an axial effort

We studied the character of an axial load distribution due
to an axial shear force over the teeth of notch at clamping
jaws (Fig. 1).
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Fig. 1. Clamping a pipe at the wedge clamp

During operation of clamping devices, the axial load is
distributed unevenly over the notch teeth. This affects the
gripping capacity of clamping devices.

To investigate a load distribution, we used a scheme im-
plying load distribution over the thread’s turns [4]. The ex-
periments were performed at a custom-made bench, equipped
with hydraulic jacks. Results from the experiments are shown
in Fig. 2. We investigated load distribution over the teeth of
an asymmetrical profile of the straight, the straight intersect-
ing, the oblique intersecting notches at jaws with an inner
cylindrical surface.

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

N=| Ve v w P, 2)

1 m 1
2V,
i+l

where P is the axial shear force;

A A
W=W_|1+—[+V._,-—; 3
i 1—1( A) i-2 A ( )
V=V +W; (4)
Vo=Vi=1. )

Values for Ay and A for the asymmetric straight notch are
determined from formulae:

k,-180°
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where d is the blunting of the notch tooth profile; w, is the
cross-sectional area of a jaw; my is the cross-sectional area of
the clamped pipe; F is the area of the base of a part’s protru-
sion; 7 is the number of jaws; E is the modulus of longitudi-
nal elasticity; G is the shear modulus; % is a coefficient that
accounts for the uneven distribution of tangential stresses.

Values for Ay and A, for the asymmetric straight intersect-
ing notch are determined from formulae:

H_(h+d]
_ 1 k, _ 2 tgy, +tgy,
, = .

Gnl (tgy, +tgy,) H[h+ d J

2 tgy, +tgy,
k2=a[1+1),
Elow, no,

where a=t is the step of notch in the direction of force P.
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Fig. 2. Distribution diagram



For the asymmetric oblique intersecting notch, Az and
A3 are determined as follows:

kysing
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(10)
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We calculated variants for load distribution over the
notch teeth for clamping jaws of different designs and dif-
ferent types of notches.

Specifically, at the optimal design of jaws with oblique inter-
secting notch the load is distributed as follows: tooth 1 — 26 %;
tooth 2 — 22 %, tooth 3 — 19 %, tooth 4 — 17 %, tooth 5 — 16 %.

Other design options of jaws yield a worse load distribu-
tion over the teeth (Fig. 2).

1. In terms of the uniformity of load distribution, the
types of notches are arranged in the following order, starting
with the greatest uniformity:

— oblique intersecting=120°;

— straight intersecting;

— straight.

2. The load is distributed more evenly over the teeth of the
symmetric profile.

3. The load is distributed more evenly at:

— an increase in the blunting angle of the notch tooth profile;

— an increase in the pitch and inclination angle of the notch.

4. A groove between teeth contributes to a more uniform
distribution, with a deeper groove matched by a more uni-
form distribution.

5. Increasing the cross-sectional area of a jaw and
a part improves the uniformity of load distribution over
the teeth.

4. 3. Choosing the shape of a notch tooth depending on
a material of the clamped part

The amount of residual contact deformations is affected
by the shape of the notch tooth top, that is the magnitude
of blunting. The choice of a blunting magnitude depends
on the strength characteristics of a material of the clamped
part. Underlying the calculation is the approximate energy
method for determining the efforts that cause the plastic flow
of metals.

We studied the penetration of a jaw’s tooth into the body
of a drill pipe with a diameter of 140 mm, sandwiched in
a 4-wedge clamp. Full specific effort considering the friction
will equal:

q, = doy1+20,

where

(12)

24t
H b

0

w is the coefficient of friction.

We determined the maximal deformations of the sec-
tion of loading a pipe when it is clamped with smooth jaws
and grooved jaws. Loading sections are divided into 7 rows
vertically and 8 columns (Fig. 1). Results are shown in
Tables 1, 2.

Table 1
Pipe deformation when it is clamped with smooth jaws
Wat Q=416.5kN Wat Q=631.12 kN
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
1 6.7 4.8 52 5.4 4.9 5.4 5.0 5.2 5.4 5.6 4.4 6.0 5.1 4.9 5.1 5.0
2| 792 63.4 79.4 64.7 76.2 65.1 77.3 61.7 | 1174 | 86.1 | 1147 | 903 | 116.1 | 90.1 | 1154 | 84.2
3| 773 62.9 78.3 64.2 79.4 62.7 76.1 63.1 | 113.2 | 914 | 1151 | 881 | 116.2 | 89.3 | 117.5 | 904
4| 789 60.3 80.1 66.3 81.7 63.2 77.9 64.2 | 1152 | 882 | 116.0 | 863 | 1171 | 87.4 | 1149 | 86.1
5| 761 59.0 77.6 65.1 79.3 59.7 78.2 64.0 | 1139 | 873 | 116.7 | 84.2 | 1141 | 86.0 | 118.0 | 88.7
6 | 724 60.7 75.3 60.9 76.1 61.2 75.9 652 | 1103 | 856 | 1114 | 902 | 1159 | 91.1 | 1123 | 879
7 5.5 5.0 5.1 5.7 6.1 4.9 4.7 5.1 5.6 5.0 6.7 4.9 52 6.9 5.3 5.4
Table 2
Pipe deformation when it is clamped with grooved jaws
W, um at Q=416.5 kN W, um at Q=631.12 kN
1 2 3 4 5 6 7 8 1 2 3 4 5 6 7 8
1 3.8 29 3.6 24 3.1 2.7 2.1 2.0 3.7 2.6 29 2.7 3.6 3.1 22 1.9
2 | 412 33.7 | 409 32.3 371 30.8 | 40.6 | 311 604 | 4741 60.9 47.3 61.8 | 484 63.0 50.1
3| 66.2 52.3 65.9 51.6 | 63.2 50.4 65.1 50.8 | 97.2 69.4 99.3 65.4 | 1021 | 70.6 | 102.4 | 70.9
4| 808 65.1 791 64.3 78.7 63.9 80.6 65.0 | 1173 | 937 | 1180 | 939 | 1187 | 94.2 | 1193 | 94.5
5| 657 53.8 64.3 529 62.1 51.7 64.1 521 96.6 69.1 98.7 658 | 100.1 | 69.2 | 100.3 | 69.1
6 | 40.4 32.4 38.2 316 | 365 31.8 39.3 30.2 59.1 48.7 59.3 49.2 58.4 | 48.1 60.1 49.6
7 29 21 2.6 1.7 2.6 2.0 21 1.4 2.8 24 29 1.8 2.9 241 2.0 1.6




4. 4. Determining the deformations and stressed state
of a pipe sandwiched in a wedge clamp

When holding a string of drill pipes by wedge clamps
during hoisting operations the stresses at some points of the
drill pipe exceed the yield stress, leading to plastic deforma-
tions. In this regard, studying the stresses and deformations
when thin cylindrical parts are clamped in clamping mecha-
nisms is of great practical importance.

The experiments were conducted to determine the im-
pact of the following factors:

— the type of notch at clamping jaws on gripping capacity;

— the capture angle of a clamping jaw, the clamp length,
that is the length of contact between a part and jaws, on the
stressed state of the clamped part;

— the inclination angle of a wedge (for wedge mecha-
nisms) on the deformation of a part;

— the design of a clamping jaw on the distribution of load
over teeth.

At the experimental setup that imitated the process
of a hoisting operation, a pipe branch was clamped with
a self-clamping wedge mechanism via jaws I, II, III, IV with
grooved surfaces.

Studying the stresses and deformations that occur at
clamping the thin-walled cylindrical parts often employs
strain measurements [7]. However, there are certain diffi-
culties in the fabrication of a strain gauge for experimental
studies at clamping long cylindrical components (exceeding
1,000 mm in length, a 120 mm bore diameter). These diffi-
culties are related to the preparation of the inner surface of
a pipe branch, which measures deformations; to the precise
gluing of the large number of strain gauges; as well as to the
construction of specialized equipment for a given process.

We have chosen the appropriate scheme for gluing the
strain gauges at the inner surface of a sample (Fig. 3). We
examined a pipe branch of a drill pipe of hardness grade E,
a diameter of 141 mm and wall thickness A=10 mm, a length
of 1,000 mm; strain gauges were glued at its inner surface
along a length of 700 mm.

To determine the amount of longitudinal and transverse
deformations, each point hosted two strain gauges. The inner
surface of the pipe branch, over a length of 800 mm, was ma-
chined, to prepare the gluing, at an upgraded lathe cutting
machine for deep cylindrical holes.

We selected foil strain gauges the type of FPKA (Russia)
with a 10-100-ohm resistance. The gauges were mounted
using stencils that formed vertical columns. We applied
varnish VL 931 for gluing, which requires heat treatment.
The pipe branch was heated to a temperature of 80 °C at
a custom-made furnace, which is an asbestos cement pipe
with a diameter of 240 mm. At the outer surface of the
furnace there is a cut screw groove in which we laid a spi-
ral made of a nichrome wire with a diameter of 1 mm
(R=13 ohms, power P=3.5 kW).

To press the sensors to the surface with a force of
1-4kG/cm? we used a rubber pipe with its ends tightly
closed with caps, which was stuck in the pipe branch and
filled with air through the nipple to 1.5 at. Further ther-
mal treatment of the pipe branch and the rubber pipe was
applied jointly.

We gradually increased the furnace temperature by chang-
ing the voltage at its terminals over one hour, to 70 °C, over
four hours — to 140 °C. The pipe branch then cooled off along
with the disabled furnace. After drying, the strain gauges
were checked; we mounted output connectors at terminals

RPZ-30 attached to the pipe branch. The sensors that are
glued at each point are connected in half-shunts with their
shared points connected.
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Fig. 3. Schematic showing the gluing of strain gauges

Readings from the strain gauges when loading the pipe
branch at the experimental installation were acquired from
the automated deformation measuring device AID-2M (Rus-
sia) via a 100-point switch. The results were treated using
formulae:

(13)

(14)

where g, g, is the relative deformation, recorded by the de-
vice, from the deformations of vertical and horizontal strain
gauges, respectively; E is the modulus of longitudinal elas-
ticity; v is the Poisson’s ratio.

At the experimental setup, the deformation meter was
loaded with a radial clamping force 4Q to 700 tons and the
axial stretching effort up to 120 t. The results were recorded
and processed.

The proposed technology for the fabrication of the defor-
mation meter ensures a 98 % reliable operation of the sensors
while the experiment takes a minimum time to acquire a large
number of measurements.



3. Discussion of results of studying the influence
of various factors on the gripping capacity
of the clamping mechanism

The results obtained relate to the fact that we studied
the pipes that had defects resulting in unacceptable damage
in the process of hoisting operations. Results of the study are
given in Tables 1, 2 and shown in the diagram (Fig. 2).

Our study has made it possible to establish dependences
for determining the magnitudes for deformations and stresses
that occur in a pipe at different schemes of fixing it under the
influence of the asymmetric and axisymmetric load applied
to the pipe. These dependences are justified by the fact that
during a long-term operation of pipes their deformations due
to the action of clamping forces at the same places lead to the
thinning of the pipe’s neck. This factor increases the risk of an
emergency resulting from the breakage of a column.

A feature of the drill pipe operation clamped in a wedge
clamp is that in the process of hoisting operations the clamp-
ing efforts occur at the same section. This gradually leads to
plastic deformations of this section and the formation of the
thinned neck of the pipe that could lead to an emergency.

Special features of the proposed method for calculating
load distribution over the teeth of a notch at clamping jaws
are that it makes it possible to select such characteristics for
the elements of clamping devices that would ensure their
high gripping capacity.

Certain limitations of the current study are associated
with labor-intensive industrial tests of new designs for
clamping elements. The disadvantages of this work include
the fact that the study involved the drill pipes only, although
key findings could be applied to other types of pipes.

The current research could be advanced by applying the
results obtained for pipes made from different kinds of mate-
rials and considering other types of loads.

6. Conclusions

1.1t was established that the largest gripping capacity
is demonstrated by jaws with oblique intersecting notch,
whose fabrication required designing specialized tools. Our
experiments have confirmed that an increase in the capture
angle of clamping jaws reduces the stresses and deformations
in a part. The application of a slope angle of the wedge of 12°,
that is larger than the angle of friction, reduced the peak de-
formations in a pipe by 70 % while reducing the load by 21 %.
This is because in this case the «self-installation» of the
component of a clamping mechanism (the wedge) occurs
throughout the entire period of clamping.

2. We have studied the stressed state of a clamped pipe. It
has been shown that an increase in the cross-sectional area of
the clamping jaw leads to a better distribution of loading over
the teeth of a notch. We have clarified the character of dis-
tribution of the clamping force when clamping a thin-walled
cylinder in a wedge clamp.

3. The influence of structural elements of the clamping
jaws on the gripping capacity of a clamping mechanism has
been defined. We have experimentally determined the im-
pact of factors operating in the process of clamping a pipe in
a wedge clamp on its gripping capacity. To conduct stress
measurements, a technology has been devised for manufac-
turing a meter of deformations arising in a pipe under the
influence of clamping and stretching efforts.
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