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Torsional vibration characteristics analysis of pipe string

in small diameter deep hole
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Abstract: In the field of small diameter deep hole coring drilling, in addition to the traditional lifting and coring
methods, drilling methods such as wireline coring technology and screw motor bottom hole power tools are also widely
used. Different bottom hole assembly (BHA) and drill strings together form flexible rods with a large slenderness ratio,
which generate complex vibrations during the drilling process, profoundly affecting the safety of drilling engineering. At
present, many mature analysis methods have been developed for the theory of pipe string vibration represented by
drilling engineering, but research on the torsional vibration characteristics of pipe strings is still insufficient for the
vertical hole structure of small diameter deep hole drilling, diamond bit grinding of rock layers, and especially when
selecting different BHA and drilling methods. The finite element analysis method is suitable for solving problems with
complex boundary conditions, and has good results in analyzing the vibration characteristics of drilling strings. Based on
ANSYS software, a variety of typical BHA suitable for small diameter deep hole drilling are selected, and
corresponding finite element analysis models are established to solve the relationship between factors such as hole
depth, weight on bit, and the torsional vibration characteristics of the pipe string. A solution method for the critical
rotational speed that may cause the joint vibration of the pipe string under different hole depths is given. This study can

provide some reference for small diameter deep hole coring drilling engineering in terms of BHA selection, rotational
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speed selection, and string safety evaluation.

Key words: small diameter deep hole drilling; BHA; pipe string mechanics; torsional vibration characteristics analysis;

safety of pipe string
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Table 1 Geometric parameters of pipe string

S ZHH /mm
BT oM 91
kT M2 79.8
LR Sy SN s 3000
Lo A MR 91
HOLE A NfE 79.8
BULE A K 3000
e B AT AR 60.3
JINE AT N R 46.1
PR R B AT B 9000
B o1 89
Hhi B N2 38.1
AR R 9150
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BULE B AR 77.8
B BREE 4500
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Fig.3 Finite element model of pipe string
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Table 2 First ten order fixed frequency for torsional vibration

B R A I /m Bl )1 /KN 563/ (r-min ') 1Ky 2 B 3B 4 B 5K
500 20 75 1.6049 4.8146 8.0243 11.234 14.444
1000 20 75 0.80243 2.4073 4.0122 5.617 7.2219
3000 20 75 0.26748 0.80243 1.3374 1.8723 2.4073
4000 20 75 0.20061 0.60182 1.003 1.4043 1.8055
(W 500 10 75 2.586 7.7582 12.93 18.102 23.275
500 15 75 2.586 7.7582 12.93 18.102 23.275
500 20 75 2.5861 7.7582 12.93 18.103 23.275
500 20 800 2.5861 7.7582 12.93 18.103 23.275
500 20 75 1.0349 3.983 7.437 10.988 14.562
1000 20 75 0.61218 2.0118 3.5904 5.2352 6.9049
) 3000 20 75 0.24082 0.72912 1.2315 1.7468 2.2712
4000 20 75 0.18515 0.55793 0.93654 1.3216 1.712
500 20 1.0867 3.9714 7.3337 10.805 14.309
(0 1000 20 1% 30 0.6351 2.0359 3.5905 5.212 6.8612
3000 20 0.24484 0.73882 1.2426 1.7564 2.2783
4000 20 0.18755 0.5642 0.94473 1.3299 1.7194
500 20 1.0867 3.9714 7.3337 10.805 14.309
(@ 1000 20 H 30 2 T 800 0.6351 2.0359 3.5905 5.212 6.8612
3000 20 0.24484 0.73882 1.2426 1.7564 2.2783
4000 20 0.18755 0.5642 0.94473 1.3299 1.7194
B HAH WIE/m Bl /KN % /(r-min™) 6 Bt iy 8B 9B 10 By
500 20 75 17.653 20.863 24.073 27.283 30.492
1000 20 75 8.8267 10.432 12.036 13.641 15.246
3000 20 75 2.9422 3.4772 4.0122 4.5471 5.0821
4000 20 75 2.2067 2.6079 3.0091 3.4103 3.8115
(@ 500 10 75 28.447 33.619 38.791 43.963 49.135
500 15 75 28.447 33.619 38.791 43.963 49.135
500 20 75 28.447 33.619 38.791 43.963 49.136
500 20 800 28.447 33.619 38.791 43.963 49.136
500 20 75 18.133 21.67 25.065 27.737 29.895
1000 20 75 8.586 10.273 11.963 13.654 15.345
) 3000 20 75 2.8016 3.3359 3.8729 4.4117 4.9517
4000 20 75 2.1065 2.5039 2.9034 3.3044 3.7065
500 20 17.822 21.332 24.824 28.257 31.454
(o 1000 20 1% 30 8.5234 10.193 11.866 13.541 15.218
3000 20 2.8058 3.3373 3.8715 4.4077 4.9453
4000 20 2.1125 2.5083 2.9061 3.3055 3.7061
500 20 17.822 21.332 24.824 28.257 31.454
(@) 1000 20 H5% 30 2 T 800 8.5234 10.193 11.866 13.541 15.218
3000 20 2.8058 3.3373 3.8715 4.4077 4.9453
4000 20 2.1125 2.5083 2.9061 3.3055 3.7061
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