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IMPROVEMENT OF THE OPERATIONAL EFFICIENCY OF DOUBLE SHOULDER TOOL JOINT
OF DRILL COLLARS

Summary. The need to design new and improve existing drilling equipment is one of the important conditions
for ensuring the efficiency of well construction. During drilling operations, the elements of the drill string,
including their tool joints, are exposed to the highest load. Double-shoulder tool joints that have several advantages
over standard (single-shoulder) ones, are becoming widespread in the world.

However, such joints require a secure contact and a specified load along three surfaces (the threaded surface,
main and auxiliary end faces) simultaneously, which must be secured by a tight tolerance of the distance between
the main and auxiliary end faces and the ends of the pin and the tool joint box. Failure to follow stringent
requirements can lead to accelerated fatigue failure of the thread and, consequently, to drill string failures.
Therefore, it is necessary to design a tool joint that will work effectively throughout the entire period of operation.

The analyzed existing options for solving the problem solve it to some extent, but have several disadvantages.
To eliminate them, it is proposed to use elastic elements (ring springs) in the construction of double-shoulder tool
joints.

The use of such elements makes it possible to create the necessary axial loads on the internal, and as a
consequence, on the outer support joints and maintain their ratio throughout the operating lifetime without
affecting the stress distribution in the danger areas of the connection, which was confirmed by simulation
modeling.

In addition, the use of elastic elements reduces the impact of fabrication precision of the tool joint on its
stress-strain state.

Keywords: drill string, double-shoulder tool joint, elastic elements, drill collars, tension, simulation
modeling.

Introduction temperatures, thus requiring additional equipment

The construction of directional and horizontal
wells at oil and gas fields has led to the need to create
and use qualitatively new sophisticated drilling
equipment. First of all, it concerns the elements of the
drill string assembly, which in the most difficult
operating conditions must withstand high torsional,
bending and tensile loads. Existing pipes made in
accordance with API specifications cannot withstand
such loads.

These loads on the drill string are multiplied
several times under increased pressures and

strength and maximum reliability of the tool joints of
drill pipes and drill collars.

Moreover, in view of the high cost of drilling,
operating companies and drilling contractors place
utmost importance on reducing operational and other
risks in well construction and maximizing production
costs. The latter is impossible without the use of highly
reliable equipment along with optimization of well
construction programs.

Well construction efficiency is mainly related to
increased drilling rate and reduced non-productive
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time. This goal can be achieved by a competent
approach to the drill string construction and assembly
at the design stage, taking into account the following
factors:

- the external and internal shape of the drill pipes
and tool joints should not create much hydraulic
resistance when drilling fluid moves;

— the mechanical characteristics of the pipe body,
welds and threaded joints must be high enough to
withstand the makeup torque, bending, tensile and
torsional loads;

— other drill pipe design features (internal upset,
turnkey distance, etc.) that affect the fatigue strength of
the metal, the possibility of additional repair [1].

Analysis of previous studies and publications.

Joint (threaded connection) is a weak point in the
standard design of drill pipes and drill collars. It is
known that the efficiency of the joint (the ratio of the
torsional load that the drill pipe can withstand to the
torsional load that the tool joint withstands) is about 80
- 90% [2]. In order to increase this figure, as well as to
increase the efficiency of work with simultaneous
torsion, tension and bending (that is, under the most
typical loads arising in case of drilling emergencies),
double-shoulder tool joints are used in world practice
today (Fig. 1) [3-5].
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1 — pin; 2 — stop shoulder of the pin; 3 — stop face of the box; 4 — tool-joint thread; 5 — stop face of the pin;
6 — stop shoulder of the box; 7 — box;
8 — pin and box necks; 9 — tapered elevator shoulder
Figure 1 — Scheme of double-shoulder tool joint

Double-shoulder joint design contains the main
external support (consists of stop shoulder of the pin
2 and stop face of the box 3), which serves as the
surface of the joint tightening, and additional internal
support (consists of stop shoulder of the box 6 and
stop face of the pin 5), which is a mechanical limiter
and a friction surface that provides additional resistance
to the applied torsional and bending moments. The
designs of such connections have threads as well as
standard connections according to the American
Petroleum Institute (API).

For the design of double-shoulder tool joints of
drill collars, the following advantages can be
distinguished compared to standard API tool joints:

- higher torque transmission (even 1.5 times)
and higher bending resistance;

- preventing jamming of tool joints under
maximum torsional moments;

- higher fatigue strength;

- in combination with high-strength pipes allow
the construction of complex profile wells with a high
intensity of deviation;

- allow to significantly increase the hydraulic
characteristics (having an equal internal diameter,
which causes a smoother flow of drilling fluid,
reducing turbulence, eliminating the possibility of
sticking of solid parts of the mud inside the tool joint);

- interchangeability with standard tool joints;

- greater tolerance for wear on the outer surface
of the tool joint.

The design and study of double-shoulder tool
joints of drill collars are considered in the publications
[6-8].

However, such joints require a secure contact and
a specified load along three surfaces (the threaded
surface, main and auxiliary end faces) simultaneously.
Itis difficult to do this, despite the tight tolerance of the
distance between the main and auxiliary end faces and
the ends of the pin and the tool joint box.

As a result, one of the supporting ends may be
unloaded and the other end may be overloaded.
Particularly dangerous is the case where, due to minor
deviations from the specified tolerances, the support
end remains unsupported or even open. As a result, it
can accelerate the fatigue failure of the thread, and as a
consequence, breakage and consequently damage of
the drill string.

Laboratory fatigue studies with alternating
cantilever bending of site-collected samples of CCK-59
drill pipes with such tool joints show that, depending
on the accuracy of their manufacture, the cyclic
durability of the tool joint may vary substantially [9].

Therefore, it is necessary to create such a tool joint
in which the specified load on the additional support
end is provided during manufacture and maintained
throughout the entire period of its operation and is not
conditioned by a tight tolerance of the distance between
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the support ends and the shoulders of the connecting
parts, as well as their wear.

To solve this problem we can use tool joint of
pipes [10] (Fig. 2) with additional support of the pin

and box end, the feature of which is its execution from
two contact planes 5 and 6 at an angle.

1 - pin; 2 — box; 3 —tool joint; 4 — main support; 5 — the first plane of additional support;
6 — the second plane of additional support
Figure 2 — Tool joint for steel pipes with additional pin and box end support

In addition to the fact that, according to [10], this
tool joint is more leak-proof than single-shoulder tool
joint and, depending on the angles forming the first and
second planes of the additional support, we can
compensate the tool joint manufacturing errors to some
extent by the elastic deformations. But there is a
drawback — a significant concentration of stresses in the
area of the additional support end, which, in turn, will
reduce its service life.

Also, to solve this problem, [9] describes the
design of the tool joint of the tool joint (Fig. 3),
consisting of a pin 1, box 2 and a procarved spring 5,
which is installed between the stop shoulder of the box

5 3 2
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3 and the stop face of the pin 4. In this case, a gap h is
formed between the stop shoulder of the pin 6 and the
stop face of the box 7, which is eliminated in the
process of tightening the connection and compressing
the spring. The gap value h is equal to the spring travel
ho and according to its parameters, strictly corresponds
to the specified axial load on the inner support joint.
After tightening the joint, this also provides a strictly
specified axial load on the outer support joint, as the
difference between the total tightening force of the tool
joint and the force created by the spring on the inner
support joint.

1 — pin, 2 — box, 3 — stop shoulder of the box, 4 — stop face of the pin,
5 — procarved spring; 6 — stop shoulder of the pin, 7 — stop face of the box
a — scheme; 6 — three-dimensional model
Figure 3 — Threaded connection of the tool joint with a procarved spring inside

The provarved spring installed in the tool joint of
the drill pipe between the stop shoulder of the box and
the stop face of the pin, has parameters that provide its
compression by the amount of travel h = hy, given the
axial force on the inner support joint.

In the process of multiple assembling-
disassembling of joints during the round trip, the
specified distance between the stop faces is disturbed

due to the wear of their surfaces, which leads to
significant changes in the given axial force ratios on
both support joints and the reduction of threaded joint
functionality.

In the tool joint of the drill pipe when applying a
procarved spring, the deformation of which is much
higher than that of the material of the connection
details, the requirements for the accuracy of the
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distance between the support joints are sharply reduced,
and the wear of the support surfaces does not
significantly affect the specified axial force of
connection tightening on the inner joint, since its value
is also much smaller than the travel of the spring.
Therefore, according to [9], a procarved spring in
the design of the tool joint of the drill pipes ensures the
creation of strictly specified axial loads on the inner and
outer support joints. It also provides for maintaining
their ratio for the entire period of operation, since it is
practically independent of the tolerance for the distance
between them and the wear of their support surfaces.

However, in addition to the advantages of using a
procarved spring in the design of the tool joint, there
are also disadvantages:

- large overall dimensions;

- a significant concentration of stresses in the
elements of the spring;

- getting of the drilled rock into the spring
openings.

To obtain the same effect, as with the application
of a procarved spring and eliminate its disadvantages
listed above, it is proposed to use in the design of
double-shoulder tool joints of the drill collars elastic
elements (ring springs), Fig. 4.

1 —pin; 2 - box; 3, 4 — elastic elements
Figure 4 — Three-dimensional model of double-shoulder tool joint with installed elastic element

The purpose of the work and justification of the
need for its implementation

The purpose of the work is to compensate for the
manufacturing errors and the impact of the wear of the
structural elements of the double-shoulder tool joints of
the drill collars through the use of ring springs, whose
parameters are determined by simulation modeling,
ensuring strictly specified axial loads on the inner and
outer support joints and maintaining their interellation
for the entire operation period.

Tasks of the work:

1. To analyze ways to compensate for the
manufacturing errors and the impact of wear on the
structural elements of the double-shoulder tool joints of
the drill collars.

2. To develop a three-dimensional model of
structures of the double-shoulder tool joints of the drill
collars with an ring spring installed in it and to
investigate its stress-strain state using the finite element
method.

3. To provide recommendations for geometric
parameters of elastic elements (ring springs).

Presentation of basic material of the research

From sources [6-8] it is known that the stress
distribution across the roots of a double-shoulder tool
joint occurs more uniformly than in a single-shoulder
one. Figure 5 summarizes the graphical dependences of
the distribution of equivalent stresses on the pin roots
of the single-shoulder (curve 1) and double-shoulder
(curve 2) toll joints of the drill collars.
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Figure 5 — Generalized graphical dependences of the distribution of equivalent stresses on the pin roots of the
single-shoulder (curve 1) and double-shoulder (curve 2) toll joints of the drill collars

In Fig. 6, the distribution of equivalent stresses in the pin roots of double-shoulder toll joint SIFDS50.
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Figure 6 — The distribution of equivalent stresses in the pin roots of double-shoulder tool joint SIFDS50

This distribution of stresses is observed at the values of effort at the joint faces, shown in Fig.7.
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Figure 7 — The distribution of stresses at the faces of joint SIFDS50

Therefore, to investigate the tool joint with the elastic elements installed therein, it is first necessary to
determine the dependences of the displacement on the load applied to them at different values of the angle a. The
design scheme of the elastic elements is shown in Fig. 8.
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Figure 8 — Calculation scheme of elastic elements

It is clear that the load on the elastic elements is
applied in the axial direction. The roller / slider [11]
was used as the ring support during simulation, which
allowed the ring to freely move radially and

tangentially.
When applying the axial load, the elastic element

2 will be stretched and the element 1 will be
compressed radially.
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The length of elastic elements equal to L = 20 mm
and different angles a = 45, 56, 68 and 800 were also
selected for the study.

The length of the elastic elements is limited for
technological reasons and the fact that at given angles

a this value is maximum.
Spring steel of grade 60C2A with a yield strength

of 1372 MPa was selected as the material for elastic

elements.
The obtained results are shown in Fig. 9.

0,6 0,8

Displacement, mm

Figure 9 - Relationship between the displacement of elastic elements 3 and 4 and the magnitude
of their axial load

Based on the relationship between the
displacement of the elastic elements 3 and 4 and the
magnitude of their axial load (Fig. 9), it is clear that the
approach of the angle to 450 allows to support the load
with slight deviations at a large range of displacements
of the elastic elements. The use of the elastic properties
of the elements reduces the impact of precision of the
tool joint and advances to the accuracy of tenths of a
millimeter, not hundredths of a millimeter as it was

earlier.

However, for a more accurate study of such elastic
elements, their simulation was performed as part of the
design of a double-shoulder tool joint.

It should be noted that 2D simplification of the
model, namely an axisymmetric type of study (Fig. 10),
was applied to study the stress-strain state of a double-
shoulder tool joint with its elastic elements (Fig. 10),
since the design scheme provides for the application of
loads acting only in axial direction.
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1 —pin; 2 - box; 3, 4 — elastic elements
Figure 10 — 2D model of tool joint for the study

In the study the boundary conditions are accepted
asin [6, 8], namely the face end of the pin is limited in
displacements in any direction. A friction coefficient of
0.12 is established between the contacting surfaces.

A

The load from the action of the makeup torque is
modeled by the overlapping of the ends of the pin and
the box (use of the so-called "shrink fit") (Fig. 11) [11].

Y

T

Figure 11 — Setting the makeup torque by overlapping the thrust faces of the pin and the box

The essence of the method of "shrink fit" is that
previously at the stage of creating a three-dimensional
model of the tool joint, the stop shoulder of the pin 2
and the stop face of the box 3 (the main support of the
pin and the box) overlapped to the desired
predetermined value. This value, in turn, can be
determined by the known angle of rotation of the pin
relative to the box and the makeup torque [12].

Similarly, the "shrink fit" method is used for a
double-shoulder tool joint.

Using the same axisymmetric model of tool joint
to determine its stress-strain state compared to the
three-dimensional model has several advantages,
including the ability to create a small finite element grid
(higher accuracy of the obtained results), a higher speed

of calculations on the computer (the ability to process
more options for calculations).

To select the angle a, we conditionally assume that
for any of its magnitudes, the stress distribution across
the roots of the nipple turns remains constant, based on
the guaranteed constant efforts at the ends of the joint
(Fig. 7).

The choice of the angle a is also influenced by the
material properties of the elastic elements. Therefore,
stress with a magnitude of 914 MPa (to ensure a
minimum factor of safety margin 914 = 1372 / 1.5,
where 1.5 is the factor of safety) will serve an additional
criterion in determining the magnitude of the angle of
elastic elements.

The results of the study are given in table. 1.

Table 1
Results of the study
Angle, ° 45 50 55 58 65
Contact force, kH 625 630 693 665 731
The.maxm!um stresses that arise 1131 940 846 790 635
in elastic elements, MITa
Therefore, based on the results (Table 1) obtained Fig. 12 shows the displacements in the

by the finite element method and the criteria described
above, the angle of magnitude 55° is for the elastic
elements installed in the structure of the double-
shoulder tool joints SIFDS50.

investigated model (at an angle of elastic elements 55°),
and in Fig. 13 — distribution of equivalent stresses in it.
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Figure 12 — Displacement in the axial direction

won Mises (N/mm~2 (MPay)

9,140e+02

8,379e+02

L 7.617e+02

_ 8,856e+02

_ 6,094e+02

. 5,333e+02

| 4,572e+02

| 3.810e+02

L 3.04%e+02

2,287e+02

1,526e+02

7.647e+01

3,323e-01

Figure 13 — Equivalent stress distribution

Therefore, the placement of the elastic elements
into the tool joint makes it possible to create the
necessary axial loads on the internal, and as a
consequence, on the outer support joints and maintain
their ratio throughout the period of operation. For this
tool joint design, the impact of the stop faces is
negligible, since their wear will be offset by the
displacement of the elastic elements.

Conclusions

Although, the proposed design of double-shoulder
tool joints of drill collars contains additional elements
in its structure, it has several advantages in comparison
with other similar in principle designs: smaller overall
dimensions, lower stress concentration in additional
elastic elements, no penetration of the drilled rock into
the slits of the procarved spring.

The placement of the elastic elements into the tool
joint makes it possible to create the necessary axial
loads on the internal, and as a consequence, on the outer
support joints and maintain their ratio throughout the
period of operation. For this tool joint design, the
impact of the stop faces is negligible, since their wear
will be offset by the displacement of the elastic
elements.

Based on the relationship between the
displacement of the elastic elements 3 and 4 and the
magnitude of their axial load (Fig. 9), itis clear that the

approach of the angle to 450 allows to support the load
with slight deviations at a large range of displacements
of the elastic elements. The use of the elastic properties
of the elements reduces the impact of precision of the
tool joint and advances to the accuracy of tenths of a
millimeter, not hundredths of a millimeter as it was
earlier.

However, based on the limitations imposed in the
design of elastic elements (technological, material
strength) using simulation modeling for the SIFDS50
tool joint, the optimal angle was set to 55°.

It should also be noted that the use of elastic
elements during the repair of double-shoulder tool
joints of drill collars (their installation in the structure
at first repair) would allow the extension of the drill
collar operational lifetime with such tool joints.

It is clear that, from a practical point of view, the
application of these elastic elements entails a number
of additional requirements for the assembly and
disassembly of tool joints of this type, but the
advantages of using them are much greater than the
inconvenience caused.
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Hayunvui pyxosooumens: Konmaxoe Bumanuit Onezosuu.

Aemopwi:

Xaneuxuii Bnaoucnae Huknaesuu,
Hpeum Anoex Banepvesuu,
Kpaitnee Huxuma Cepzeesuu.

BOJIOKOHHO-OIITUYECKHE JATUYNKHU

BonokoHHO-ONTHYECKHE JATYMKH — IO3BOJIAIOT
U3MEpATh MHOTHE XapaKTePUCTHUKH J1a0OpaTOPHBIX U
MIPOMBIIITICHHBIX 00BEKTOB, B YaCTHOCTH
temneparypy. He cMoTtps Ha TO, uYTO UX
UCTIONIb30BaHHE IOCTATOYHO TPYAOEMKO, OHO JACT PAL
MPEUMYIIECTB, HCIIOIb30BaHMS MOJOOHBIX JaTYMKOB
Ha MpaKTHKE: 0e3MHAYKIIMOHHOCTD (t.e.
HETIOJIBEP)KEHHOCTh  BIIMSIHUIO  DJICKTPOMarHUTHOMN
WHJTYKIMH); MaJIble Pa3Mephl IaTYMKOB, 3JIaCTHIHOCTB,
MEXaHH4YeCKasi MPOYHOCTh, BBICOKAs KOPPO3MHHAas
CTOMKOCTD U T.1.

JUis  u3MepeHus TeMIeparypsl C IOMOIIBIO
CBETOBOJIOB, M3TOTOBJICHHBIX M3 KBApIIEBOTO CTEKIJIA,
0COOEHHO MOJIXOINT TaK Ha3bIBaeMbIi 2 ekt Pamana.
CBeT B CTEKJSHHOM BOJIOKHE pacceuBaeTcs Ha
MHUKPOCKOIIMYECKH MaJlbIX KOJIeOaHHAX IUIOTHOCTH,
pa3Mep KOTOPBIX MEHBIIE JAJIHHBI BOJIHEL. B oOpatHOM
pacceMBaHMM MOXXHO HaWTH, Hapsiay € 3JIaCTUYHOMN
Jonell paccenBaHMs (M3JIydaeMO€ paccerBaHKE) Ha
OJIMHAKOBOM JUIMHE BOJIHBI, KaK IIPOHUKIINNA CBET, TaK
W JIOTIOJIHUTENbHBIE KOMIIOHEHTHI Ha JPYTHX JUIMHAX
BOJIHBI, KOTOPBIE CBSI3aHBI C KOJIeOAaHHEM MOJEKYJ H,
TEM CaMbIM c JIOKaJIbHOM  TemIepaTypou
(komOuHanMoHHOe PamMaHOBCKOE paccesHue).

BonokoHHO-ONITHYECKHE AATYMKH (TaK JK€ 4acTo
HMMEHYIOIIHECS ONITHYECKHE BOJIOKOHHBIE TaTYUKN) 3TO
ONTOBOJIOKOHHBIE YCTPOWCTBA UIA JIETEKTHPOBAHUS
HEKOTOPBIX BEJIWYHMH, OOBIYHO TEMIICpaTyphl WIH
MEXaHUUYECKOTO HANpPSKEHMs, HO MHOTAAa TakK XKe
CMelUleHNs, BHOpauuii, JaBJIEHHs, YCKOPEHHS,
BpalleHus (M3MepsieTcsl C TIOMOINBI0 ONTHYECKHX
THpOCKONOB Ha ocHoBe OJ(ddexre CaHbsika), U
KOHIIEHTpAllM! ~ XUMHUYECKUX  BemecTB.  OOmuit
MIPUHIAI TaKUX YCTPOICTB B TOM, UTO CBET OT JIa3epa
(garie Bcero 0JHOMOOBOT'O BOJIOKOHHOTO JIa3epa) HiTH
CYTNIEPIIOMHUHECIIEHTHOTO ~ ONTHYECKOTO0 HCTOYHHUKA
MepeaaeTcsl yepe3 ONTHYECKOEe BOJOKHO, MCIIBITHIBAS

ciaboe N3MEHEHHE CBOMX MapaMeTpOB B BOJOKHE HIIH
B OJIHOM WJIM HECKOJILKUX OPIITOBCKHX pELIeTKaX, U
3aTeM JIOCTHraeT CXEMBbl JIETeKTUPOBaHMsS, KOTOpas
OLICHMBAET 3TU U3MEHEHHUS.

B cpaBHeHMM ¢ ApYrMMHM THIIAMH JJaTYHKOB,
BOJIOKHO-ONITHYECKHUE JaTIAKA obnanatoT
CJICTYIOLIMMH TIPEUMYILECTBAMHU:

OHH COCTOAT W3 3JEKTPUYECKH HETPOBOISIINX
MaTepuanoB (He TPeOYIOT JIEKTPUYECKHX Kadenei),
YTO MO3BOJISIET UCIIOJIL30BATh WX, HAIPUMEP, B MECTAX
C BBICOKMM HaIpsHKEHHEM.

Nx MoxHO 0e30macHO  HCIHOJb30BaTh  BO
B3PBIBOONACHOW Cpezie, II0TOMY, YTO HET pHUCKa
BO3HUKHOBEHHSI DJIEKTPUUECKOMN UCKPBI, IaXKe B CIIydae
nosoMkd. OHU HE TOABEPIKEHBI AIIEKTPOMArHUTHBIM
momexam (EMI), maxe BONMM3m pa3psga MOJHHUH, U
caMu 110 cebe He NMEKTPU3YIOT Jpyrue ycTpoicTsa. Mx
MaTepHalIbl MOTYT OBITh XUMHUYECKH HHEPTHBI, TO €CTh
HE 3arps3HAIOT  OKPYXKAaloIIyld cpelay, | He
TIOJIBEP>KEHBI KOppo3uH. OHM UMEIOT OYeHb IUPOKHI
JMana3oH pabodnx TemMrepaTyp (ropasno Oonblue, 4em
y  DIIEKTPOHHBIX  YCTPOMCTB). OHU  UMEIoT
BO3MOXKHOCTh ~ MYJIbTHIUIEKCUPOBaHHS; HECKOJIBKO
JIaTYUKOB B OJMHOYHOH BOJOKOHHOM JMHUM MOXKET
ObITh ~ WMHTEIPUPOBAHO C  OJHUM  ONTHYECKUM
HUCTOYHHKOM.

CeHCOpBI Ha OCHOBE OPATTOBCKHX PEIIETOK

BosokoHHO-ONITHYECKHE ~ JATYUKH  3a9acTyro
OCHOBaHbI Ha BOJIOKOHHBIX Op3ITOBCKMX peEIIETKaXx.
OCHOBHOW NPUHIUII MHOTHX BOJIOKOHHO-ONTHYECKHX
JaTYNKOB B TOM, YTO OpATTOBCKas JJIMHA BOJIHHI (T.€.
JUTMHA BOJIHBI MAKCHMAJILHOTO OTPa)KEHHUS) B PELIETKE
3aBUCHT HE TOJIBKO OT TepHoJia OPITrrOBCKOM PeIeTKH,
HO TaKkXke OT TeMIeparypbl M MEXaHHYECKHX
HalpspKeHUW. [[ns1 KBapLEBBIX BOJIOKOH H3MEHEHHE
OpArrOBCKOM JUIMHBI BOJHBI HA eAMHUILY Jedopmannu
npuMepHo Ha 20% MeHbIIle, YeM pacTsHKeHHe, TaK Kak
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