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Abstract

The article gives the recommendations of a techsimation for preventing the destruction of extdrsurfaces of drill ar
casing pipes by wedge grippers in the process dbimmeing descendingjfting operations. Also, a constructive solutiop
clamping the surface of the pipes during screwingriscrewing of thread connections is proposed. résearch of propos
technical solutions of grippers usiegmputer models has been carried out. The maimeeas of the design elements of
proposed wedge gripper and clamp are establisheithvean provide the technological process withdegtroying the out
surfaces of the pipes of the oil assortment.
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1.The whole complex of operations that is related Wedge grippers supporting drill and casing
to the tripping operations and processes of theatted columns, and individual tubes have been developed.

connections break-out/make-up can be divided wi t Gripping wedge 2 is equipped with elastic (rubber)

classes: reinforced insert 3, the surface of insert 3 isamtact
1.1 Lowering in the hole of drilling, tubing andwith tube 1 and has a surface protector, similathe®

casing columns. vehicle’s tires, ensuring a good connection (Fig. 1

The external surfaces of pipe columns are A protector on the surface of elastic insert assist
relatively clean and dry in this case, that is whys in cleaning the contacting surface of pipe from dme
considerably easier to introduce new devices iotfima  and mud.

1.2 Lifting up the drilling and tubing column from Rear contact surface 4 of wedge 2 contacts body 6
the hole. and moves under the weight of the pipe or string,
The external surface of drilling column will becreating pressure through the intermediate eladtites
covered by mud. This mud has special charactesisti8 on the surface of pipe 1. Stop 5 on wedge 2 ditthie
that can negatively influence the contact of clamifh elongation of an elastic insert and insures holdifig
the surface of pipe. This also must be taken intmant drill (casing) column using the offered device. &he
and we have to find ways of rapid and simple clegni stresses in elastic plates are in admissible vahses

of pipes surface from mud. finite elements method (FEM) indicates. The coedfit
2. The devices can be divided into severabf friction between the wedge and the body doesn't
categories based on the mechanisms of action: considerably influence upon the compressive pressur

2.1 To hold the outer surface of one pipe for terquthe gripping process. Wedge grippers may be fixed i
transmitting at make-up/break-out of the threadeslots of the spider housing.
connections, the value of moments is relatively lsma Fig. 2 presents two main positions of wedge
(100-500 Nm); gripper, respectively:

2.2. To grab part of the surface of the other pipe - opened spider (Fig. 2, a), when the pipe string
for torque transmitting at make-up/break-out of thenoves up or down;
threaded connections there is a large torque valtige - operating position (Fig. 2, b), when the coluran i
range of 800—-3000 Nm; held in suspended state. The whole force of dies

2.3 To grab a considerably longer part of the pipelamping to the pipe body 7 is transmitted through
surface than the ones used in p.p. 2.1, 2.2 fadilgl contact elastic elements 5. Axial loa@ from the
individual pipes (relatively lightweight), and albeavy weight of the column 7 are supported by contacitigla
weight string assemblies (1500 kN and more). elements 5 and transferred to housing shelves 6. Th
area of contact may be determined based on the
calculating scheme (Fig. 2), and variants are shown in
Fig. 3.

The options of contact surface are shown in
Fig. 3. It is necessary to notice that the optgimgwn in
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a — opened position b — operating position c—gen eral view
1 - pipe, 2 — wedge, 3 — insert, 4 — wedge hou&ingwedge stop shelf; 6 — spider housing)
Figure 1 — Wedge gripper equipped with elastic (ruber or composite) reinforced inserts
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1 — spider housing; b — operating position G — axial load (weight of column);
2 — wedge (die) housing; (pipe column holding) P, = G/4 — application of 4 wedges;
3 — moving wedges P, — a vertical force;
(there are 4 moving wedges); Pn— a horizontal force;
4 — metallic clamps (slips) that can be P, — a total force;
fixed to the wedges in different ways; L=l;n+ 1»(n-1), the length of contact;
5 — a contact elastic clamp (elastic inter- n — the number of contact elastic clamps
face/pad supporting the pipe column); in vertical position
6 — housing shelves supporting
the weight of pipe column through ¢ — calculating scheme

the contacting elastic clamps;
7 — a pipe column;
y — direction of the pipe column
movement

a — opened spider
Figure 2 — Wedge grippers equipped with elastic irsts

When considering all options, it is necessary tduring experimental research to choose the optimal
examine and take into account the static situationslues). This value is determined taking into actou
between contacting surfaces when they do not move finechanical properties of elastic contacting clamp
relation to each other. In these cases the frictidmolders of the column tube.
coefficient is also different. This factor must be The valuel, is determined taking into account the
necessarily taken into account in the process afrength characteristics of the metal of housing\&s
designing the devices. Metal composite or cerméslots), which support the weight of the pipe grin
friction inserts can ensure higher shear strerg@k100 through the contacting elastic clamps (interfacgspa
MPa) and suitable coefficient of friction instead o The total lengtH (or height for the set of housing
elastic clamp. clamps with shelves) is also determined taking into

According to Figures 2 a and 3 a the valuel;of account the maximum weight of the column of pipes
(thickness or height of polyurethane segments)itisizv. and their diameter. It is necessary to determire th
the range of 40-60 mm (these values can be adjusted
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a b c d
Elastic working elements:-arectangular; b— square; ¢- round; d— hexagonal

Figure 3 — Possible options for location of pin efdic clamp-holding of column in the corps of wedge
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* Note: the surface of the elastic clamp facinghaf pipe may be convex to ensure better contatttatat will
displace liquid pollutants from the pipe surface

Figure 4 — Spider in the opened position

height of the elastic clamp contact area with tindage These configurations may affect the duration of
of the pipe. work and will be quality indicators of work in the
I=l,n+l(n-1), contaminated surfaces of tubes.

. . . The following illustrations (Fig. 4, 5) represent
where n is the number of contacting elastic clampsim lified desians and operation of the offeredd
holders of the string; all other geometric paramsetze P g P j

- X Figure 6 shows the elastic flexible sleeve
shown in Fig. 2 and 3. The number of elastic Iayer(%peration, which should be used for relatively $mal

depends on the maximum weight of the pipe COlum&iameter of tubes, wheeis an open sleeve ready for

and is equal to 7-25. ; : . . )
. installation at the pipe; b is a sleeve attachetthéqipe;
The lengthl can be up to 1.5 meters, meeting th% is a sleeve closed onto the pipe; d, e is a sleev

requirements of the pipe holding. Idi ) . :
. . ing of the pipe to which the force of gravityfrgm
The number of elastic contacting clamps can bet e column of pipes is applied.

0 o depering o i danele of e Bihe J=10°  The arous in R 6,3, show the sieeve's
ng p y o ' direction of movement. The arrows in Fig. 6, ¢ shbe
of elastic contacting clamps will not be more tt@&afor L
direction of movement of lateral parts of the skev

large pipes diameter (over 0.5 m casing, for exajnpl . .
Further optimizations can be conducted té:losed o the pipe. The arrows in Fig. 6, d, e shioev

; - direction of action of the compression forces ie th
determine the most efficient parameters for othapss : :
) . . : rocess of holding the pipe column.
or configurations of elastic contacting clampé3
(Fig. 3 b, c, d).
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a b c d e
Flexible sleeve: & in opened potision; b in moving position; e in contact with pipe; & in closed position;
e—scheme of acting loads
Figure 6 — A flexible elastic sleeve for small diagter pipes.G - axial load (weight of column)
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Flexible sleeve: a — in opened potision; b — in mg\position; ¢ — in contact with pipe; d — in cikposition;
e — scheme of acting loads

Figure 7 — An elastic sleeve with longitudinal beridg grooves for small and medium pipe diameter

Fig. 7 shows the sleeve with a longitudinal groove The study of the stress-strain state
(hinged design), intended to facilitate the operati All of wedge grippers
other information is similar to the information pemted
in Figure 6. There is built a three-dimensional model to study

Figure 8 below shows a sleeve with mordhe stress-strain state of wedge grippers, argdshown
longitudinal grooves (multiple hinges) that furtherin Fig. 9. The Ansys Work bench program uses a
simplifies its operation. This Figure shows thewsste quarter of wedge grippers to reduce the time foitef
of opening the sleeve and its removal from the afber element analysis (Fig. 9).
holding the column. All other information is similto Fig. 10 shows a design scheme of wedge grippers,
the information presented in Fig. 13. in which the pipe and housing are fixed and thed loa

There is a number of options for structuralweight of the drill string) is supported by the dge.
solutions of this sleeve design. Some are testethan Fig. 11 represents the finite element mesh, formebde
laboratory. Our proposal with pads, shown in Fig6,1 gripper.
has several advantages over the sleeve concept.

ISSN 2311—1399. Journal of Hydrocarbon Power Engin  eering. 2017, Vol. 4, Issue 1 21



B.V. Kopey, M.M. Liakh, Yu.M. Liakh, V.V. Mykhailiuk

bhtbedtedidg

REELELERRELE

Flexible sleeve: a scheme of acting loads;hin moving position; e in contact with pipe; & opened potision;
e—in moving position; ¥ in separated state

Figure 8 — A sleeve with several longitudinal bendg grooves for medium and large pipe diameter
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A pipe-spider in: a — an exploded view, b — an adged condition
1 — a pipe; 2 — a contact elastic clamp (an elastterface/pad supporting the pipe); 3 — moving ge=i
There are 4 moving wedges; 4 — a clamp housirgaSpider housing

Figure 9 — The 3D model of the wedge grippers

There are chosen the following input data: The study of the stress-strain state of interaction

loading of the drill string — 1.25 MN; with a layer of polyurethane sleeve with pipes and

height of grippers — 500 mm; wedges

thickness of ringholder’s shelves — 20 mm;

cross-section dimensions of rings <50 mm; There is made a three-dimensional model to study

wedge angle — 12°; the stress-strain state of interaction of the seayer)

friction coefficient between all pairs of contact -made of polyurethane with the pipe and clamping
0.6. wedges, as it is shown in Fig. 17.

The resulting values of equivalent stresses are Fig. 18 shows a design scheme, and Fig. 19 — the
presented in Fig. 12, displacements — in Fig. b@,the grid finite element models for the study.
strain — in Fig. 14. The contact pressure between The input data for the study:

contacting surfaces of the grippers is shown in Fig the load of the drill or weight of casing string —
The relationship between the contact pressure ah@0 tons;

the grippers’ height is shown in Fig. 16. the height of sleeve: 0.500 m; 0.609 m; 0.914 m;
1.524 m;

the thickness of a polyurethane sleeve — 0.005 m;
polyurethane layer is considered fixed (glued) to
the contact surface of the pipe.
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B: Static Structural
Static Structural
Time: 1, 5
22042016 15:23

. Fixed Support 2
. Fixed Support 3
B Force: 1,23e+006 N
. Frictionless Support

Figure 10 — A design scheme of the wedge gripper

B: Static Structural
Equivalent Stress
Type: Equivalent fvon-Mises) Stress
Unit: MPa
Tirme: 1
22.04.2016 15:06

45,55 Max
40,489

35,428

30,367

25,306

20,245

15,124

10,123

5,0619
0,00093071 Min

Figure 12 — Distribution of equivalent stresses ithe
wedge grippers

B: Static Structural
Equivalent Elastic Strain
Type: Equivalent Elastic Strain
Unit: rarm/rnrm

Tirme: 1

22.04.2016 15:07

0,00025483 Max
0,00022652
1,00019821
1,00016989
0,0001415%
0,00011327
§,495%e-5
5,6630e-5
2,8326e-5
1,2113e-8 Min

Figure 14 — Distribution of strains
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gtire 11 — The finite element mesh in the gripper

B: Static Structural
Total Deformation
Type: Total Deformation
Unit: rrem

Tirne: 1

22042016 15:07

0,07142 Max
0,063485
0,055549
0,047614
0039674
0031742
0,023807
0015871
0,0079356

0 Min

Figure 13 — Distribution of displacements

B: Static Structural
Pressure

Type: Pressure
Unit: tPa

Tirne: 1

22042016 15:09

28,929 Max
25,714

22,5

19,286
16,071
12,857
9,6424
§,4266
32143

0 Min

Figure 15 — Thedistribution of contact pressures
between contacting surfaces
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8 10
N of Rings 1 — a pipe, 2 — a sleeve; 3 — clamping wedges

Figure 16 — A graphical relationship between the vae Figure 17 — A three-dimensional model
of the contact pressures along the height of ring grippers

CP(M/mm"2 [hPa])
v Mises (M/mma2 (Pa))
3.740e+001

l 3.428e+001

- 3117e+001

2.359e+002
2163e+002
L 1367e+002
- L77le+002 - 2.805e+001
L 156002  3.493ec 001
L 1330e+002

H 1.184e+002
- sagne00l

L 7.821e+00L

- 21g2e+001
.. 1670e+001
B 1558e+001

| 5.962e+001

4.008g+001
2.045e+001
8.623e-001

_ L247e+001

- 8.350e+000

6.233e+000
3.117e+000
0.000e+000

Figure 20 — Distribution of the equivalent stress lgure 21 — Distribution of the contact pressure

Fig. 20 and 21 show the results for the clamping Based on the analysis of the results it has been
wedges with length of 0.5 mas the simulation ifound that the proposed design of the wedge,when
conducted by four different geometric dimensions ofrippers are supporting maximum stress, is acckptab
structural elements. for all materials used in the study.

The dependency between the contact pressure and
height of the sleeve (0.500m, 0.609 m, 0.914 m,

1.524 m) is shown in Fig. 22 below.
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a0 Conclusions

Each of the proposed solutions does not mark the
pipes, and it is designed based on common and well
proven oil and gas technologies.

The separate elements of the above proposals were
tested on models with positive results.

The finite element modeling demonstrates normal
operation of the proposed devices under the redjuire
loads.

15 + t .
o 05 7 15 3 Having compared the pads and sleeve concepts we
Lm found that the first one had several advantages tiree

Figure 22 — Graphic relationship between the values second.
of the contact pressures along the length of the
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VJIK 622.24.053
Po3po6ka HenowKkoaXKyBanibHOro Tpy6oyTpMMyO4oro o6nagHaHHsA

B.B. Koneiu, MM. Jlax, IO.M. /Iax, B.B. Muxaiiirok

lsano-Ppanxiscokuii HAyioHATLHUY MeXHIYHUL YHIGepcumem Hagmu i 2asy;
eyn. Kapnamcora, 15,m. Isano-@panxiecvk, 16019, Vrpaina

HaBeneno pexkomeHpamii TEXHIYHOTO pillleHHs JIsi 3ano0iraHHs pyHHYBaHHS 30BHIIIHIX IOBEPXOHb
OypWIBHHX 1 00CamHUX TPYO KIMHOBHMHM 3aXOTUTIOBAYaMU B TIPOIECi BUKOHAHHS CITYCKO-TIiHMAaTbHUX OTIepalliid.
Takokx 3ampoOTNOHOBAaHO KOHCTPYKTHBHE BUPIIIEHHS 3aTUCKaHHS TOBEpXHI Tpyd TpM iX 3TBUHYYBaHHI abo
po3rBUHUYBaHHI. [IpoBeIcHO MOCIIIHKEHHS 3alPONOHOBAHUX TEXHIYHHMX PIllIeHb 3aXOIUTIOBAYiB 3 BUKOPHUCTAHHSIM
KOMIT IOTEpHUX Mojelieli. BcTaHOBJICHI OCHOBHI MapaMeTpH €JIeMEHTIB KOHCTPYKINii 3alpOIIOHOBAHUX KJIIMHOBOTO
3aXOIUTIOBaYa Ta 3aTHCKada, IO MOXYTh 3a0e3MEeYUTH TEXHOJIOTIYHUH Tmporec 0e3 pyHHYBaHHS 30BHINIHIX

MOBEPXOHb TPYO HATOBOTO COPTAMEHTY.

Kiro4oBi cloBa: KIuHOBUL 3AXONII06AY, HENOUIKOOXCY8ANIbHe O00NAOHAHHSA, pi3bbose 3’ €OHaHHSA, CHYCKO-
nidiumansHi onepayii, mpyoa.
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