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Ultimate working torque chart of tool joints in ultra deep wells and its application
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Abstract: In deep and ultra deep wells, the torsional property of tool joint is highly limited by large axial tensile. Moreover, stucks
are frequently encountered during drilling due to complex down-hole situation, while it is possible to twist drill string when using top
drive equipment for unstuck operation with larger axial force. In the meantime, tool joints undergo the combined effect of axial load
and torque, which may lead to an extreme danger. Therefore, to rapidly determine the torsional property of tool joint under different
axial tensile is a key to ensure safety operation. Although API RP 7G provides the method for determining the ultimate load of tool
joint under tensile and rotary coupling conditions, a great error exists between the results and the fact due to many hypothetical con-
ditions. Such error may become greater particularly in complex drillings of deep and ultra deep wells. Based on the 3D elasto-plastic
finite element analysis of tool joint in this study. the ultimate working torques of three main tool joints were calculated under differ-
ent axial tensile load conditions. The calculation equations of ultimate working torque were obtained through polynomial fitting of the
calculated results, and charts were developed for the ultimate working torque of tool joints, thus establishing a method to rapidly de-
termine the ultimate working torque of tool joint under the actual working conditions.
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Table 1 Dimension parameters of the tool joints

2ZEEAA BESME/mm

B3k 42/ mm

NC50 168. 3 88.9
51/2" FH 184.0 88.9
NC52 172.0 100. 0

SR AR/ mm AR KE/mm {0 B
69. 8 114.3 V-0. 038R
88.9 254.0 V-0. 065
88. 9 203.2 V-0. 038R
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Three-dimensional finite element model of tool joints

Fig. 1
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Table 2 Relationship between true stress and plastic strain

RN gy | RN ey | PN gy
827. 4 0, 000 00 907. 1 0.00251 1035.4 0.04007
845.2 (. Q00 10 927.3 0.00519 1061.5 0. 05041
855. 3 0, 000 23 944. 6 0.01033 1082.9 0.06065
861. 4 0, 000 32 961. 0 0.01523 1099.8 0.07082
875.6 0, OO0 69 976.5 0. 02008 1110.5 0. 08000
888. 1 0, 00119 1009. 3 0. 03059 1117.2 0. 09095
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Fig.2 The von Mises stress distribution over the tool

joints under make-up torque

3000

2500 -

2000

1500

il /kN

1000

500

i

A 'l i
0 0.02 0.04 0.06 0.08 0.10

IRt /s
Ca) Bl ) L oy B o il 2%

—X6M
— REF

7 /N
g

300 /

L 1 'l i
0 002 004 006 008  0.10
Tm R /s

(b) $fh e h ek th <k
B3 HWMENAMERATHRELNFHE

Fig.3 Mechanical characteristics of tool joints under

axial tension
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Fig.4 The von Mises stress distribution over the tool joints

under axial tension
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Table 3 Fluctuation amplitude of working torque

ki /(kNem) A/ (kNem)

1 82.33 69. 73
- 86. 68 61.07
3 85. 66 61. 20
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Fig.5 The von Mises stress distribution over the tool joints

in failure
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Fig. 6 The loading curve of working torque

3 ANIE el b 7 2T il L Sk A BR
TAEHAE

BT Lk 75 vk 49 304 [F 4l e bz & 4FF NCso,
51/2" FH,NC52 3X 3 Fivl HL 4 3k i 4 PR T 4540 %
44 6 IR . X BT AR GR A A, 3 Fhah AL
3k BT il 7R 3% 049 S5 K B 1) Bz hy Ouf B T 215D 43 5 R
8769. 7kN.9913. 6 kN F1 7 528. 6 kN, jfif 13t — £ {8 1F
2 DATE TR v O e 1Y) 7 Ao LU I T AS E G AT 1R R
N AR TR

x4 FEAWHERNEET NCSOSEE#ELMMRTIERE
Table 4 Ultimate working torque of NC50 tool joint under

various axial tensions

b LTy AR AR /|| Sl B b PR AR A
kN (kNem) kN (kN+m)
0 72.59 6000 65. 94
1000 83.72 7000 63.12
2000 85.83 7500 60. 48
3000 87.17 8000 61.48
4000 78. 49 8250 55.07
5000 70. 55 8500 44.00
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Table 5 Ultimate working torque of 5 1/2” FH tool joint

under various axial tensions

i fe g/ W PRICAEHLRE / (| e b/ W R AR /
kN (kNem) kN (kN+m)

0 125.17 6000 88. 63
1000 119. 54 7000 §3. 68
2000 118.29 8000 77.58
3000 115. 04 8500 72,94
4000 105. 10 9000 68.92
5000 93. 84 9500 53.06
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(2) 51/2" FH 45 B3k .

M, = 1.64124 X 10T —2.03899 X 10 °T> +
410111 X 10° T, +112.571 (T, < 7273kN)
M,.. = —2.67339 X 10 T> +6.16536 X 10+ T2 —
4.74324T, +12240.3 (T, > 7273kN) (13)

(3) NC52 % HL#: 3%k .

M, = —2.74024 X 107" T? +2.533 11 X 10 ° T2 —
1.11904 X 10T, +83.5715 (T, < 5455kN)
M,.. = 3.47643 X 10 °T> +5.956 40 + 10 * T2 —

3.40451T, +6543.46 (T, >5455kN) (14)
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Fig.7 The diagram of ultimate working torque for tool joints
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