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Stress analysis and concentration coefficient of drill pipe joints
based on 3D finite element simulation

ZHANG Wang, HE Shengyu, BU Changgen’

(School of Engineering and Technology, China University of Geosciences, Beijing 100083, China)

Abstract: In drilling engineering, failures at the threaded connections of drill pipe joints account for up to 86 % , making

them the primary risk area for drill string failure. To conduct an in-depth analysis of joint stress distribution and

concentration characteristics, this study, based on 3D finite element simulation, performed a comparative analysis of

the

stress in API standard single-shoulder and double-shoulder drill string joints under axial and torsional loads.

Furthermore, the axial and torsional stress concentration coefficients for the NC50-type joint were calculated. The

findings indicate that: the maximum stress in single-shoulder threads is concentrated at the root of the first thread in the

thread engagement area; the maximum axial and shear stresses in double-shoulder threads are significantly lower than

those in single-shoulder threads, with reductions of approximately 24% and 27.3%, respectively, exhibiting a more

pronounced performance advantage, especially under high torque; the axial stress concentration coefficient for the

NC50 joint 1s 4.21, and the torsional stress concentration coefficient is 3.73. The outcomes of this research provide a

significant basis for the performance optimization design of drill pipe joints, precise stress calculation of the drilling

system, and fatigue life prediction.

Key words: drill string failure; threaded connection; stress concentration coefficient; fatigue failure; finite element

analysis; structural optimization
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Fig.1 Drill pipe joint fracture
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Table 1 Basic dimensions and material parameters

of drill pipe joints
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Fig.2 Schematic diagram of boundary settings
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for drill pipe joints
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Fig.3 Stress distribution cloud diagrams of threaded under different loads

CELERTAVIE SRR ST A DI IS e A
Sy A B IO, B bR BT AR T AT Sk R S
8 A & A W 201 O BE WA . 6 IR B
R A 258 K1 R S A b 38 B 2 X1 5 4 I Ak A
ARk i R 0T it e 2 3k i FLAT B X

M 3(h)  (d) (D RTEAF Y, ZEh A g far (H 5%
AT AL AR G 2 A S R, B R IR 45 0
L 3 ¥4 BT AR AN [] 28 e A FH B X6 A SR SORH L
T & 8 B ot g4y 0 R BT 24.0%.27.3% F1
20.9% , FRBIIE IR 5 5 G805 A7 00 R 12 Sk i R A
fig. 340, WA B MREU R ) 43 A M G B R R AL
BINFEA] . WA HBRBORULE F A8 BT 0 25—
R LA 7R 37 AT, AR IR S L K R B Akt
T AT o KRR T A A B T £ A
JA B I R SV AR B N T AR IR B R Sk i R
Gy QN A N (T 7= e B 3 S s O w9 o VTS i

Mo AR BE T WL SR ECAE I T O AR T I A S
AR G BOTHE T HE S
2.2 B WA JE SRECTEAS R B A R B I X E

Bl R T T SR A e A AR I B X T
B A 7 5 i O B 30 7R 52 e K Bl e iz A L
e Rt 2 BT VIME A . o T ik —
A A B R R AR PERE 22 S, A F 5 0 i) 2 B
N T B Jl ) 7 g LR Xk Ll 4 BT 7 R Sk B R
R, A G R AT 4 PR

i i P 4 AT LA M 7 Sk A A TR Al B2
YRR B F7 i 23T o047, XU IR RS0 ) HE
BIHBEURZ 2400 . TEAFHHAEERT , BEJH B
S R IG 2R T 5 5 8 SR S0, HL R S 0 3
R WAl 4 Sk 22 1] F) S0 22 MR 72 8 K. RIAE v 4
HAERT WG R SR SCT v RE AL S E W] .

TG AT UL, XU 65 IR SRS 52 2% 4 2% 1 /Y 23



56 B T 7%

202641 H

650

—=— APIHL & 5 IR 4L
600 | —e— XU JFIRLL
% 550 -
R
5 500
_‘% 450 + ./././././o/'/././.
K
X 400 |
50 |
0 50 100 150 200 250 300
Alia] 4 71/kN
(a)t5e KAl B F7 5%t L
2000 o AP1# A RS
180 - —e— WA FIRLL
160 |
[+
% 140 F
R L
2 120
R L
% 100
iy 80
60 -
40 -
20 1 1 1 1 I}
2 4 6 8 10 12
FHH/(KN-m)
(b)f KB VIR 706 B

El4 B WERBLEASTLE

Fig.4 Stress comparison diagram of single
and double shoulder threaded
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Fig.5 Comparison of stress conditions at the threaded

section under axial load in 2D and 3D models
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Table 2 Axial stress concentration coefficient

under axial load
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Table 3 Tangential stress concentration coefficient

under torsional load

WA/ BT Bk R Bl R HEL BN/ BRI Bk Y] W
kN R F1/MPa R 1/ MPa R R AL (kN-m) N F1/MPa R S1/MPa SRS
330 92.996 392.39 4.219 20 119.54 445 .4 3.726
340 95.814 403.88 4.215 25 149.43 556.76 3.726
350 98.632 415.31 4.211 30 179.31 668.07 3.726
360 101.45 427.13 4.210 35 209.2 779.41 3.726
370 104.27 439.01 4.210 40 239.08 890.75 3.726
380 107.09 450.95 4.211 45 268.97 1002.1 3.726
390 109.09 462.84 4.243 50 298.85 1113.4 3.726
400 112.72 474.76 4.212 55 328.74 1224.8 3.726
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Fig.6 Stress cloud diagram at the threaded section

under torsional load
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