46 & H5 3 ]
2025 4F 6 A

LN A e S 4
CHINESE JOURNAL OF SOLID MECHANICS

Vol. 46 No. 3
June 2025

ZRENHFETRISHITELRRFGIN

AR FOR
O PR B TR B A - 610000) (2 43 76 0 B 43 24 7

B =

= %1 By 2
=2 A W
224

FROR 5 HOR B IF 5 B« AR . 610000)

oI T IR B B PR 8 S B B S B R A R BO R AR 3l 80 R L 251 B AT R Sk 9 0

SO TR S B AT SR BT AR . B S b 3R () JEUAR ST R AR W5« S N7 B AT 4 3k 3l 0 2 T S AL o0 7 48 A 42 Sk 7R
T2 R I 1) S HL A B A 5 Al SR A R Sk FROC A A L S T B R Sk B2 07 R A I R A R R R 5 ST
FFE S RECY AR L o3 42 Sk B 0 A A5 . A5 1 2598 0l 15 38 PN SRR X L LI WA S A By 24 SRR A R 0
BT FRRFREES BT Sk BT 32 B 20 0 0 13, 11 kN Rl 3 .35 kN « m A G _EATHHAED K 0. 75 kKN « m 25
K5 38 A B A AT . N AMIBBURE Sk BT AR 2 [ Jc K Mises Jif 7728 551. 2 MPa,323. 2 MPa, £iF & b1 &} 5 5 225K ; 44
FF 4 3k MR B0 A 1 2B LA TR I BU RS0 1, R B X T 280y TR Y S I B T R B AT LT R /N

JERSTy 3X 2 mm % KT T HYFRIAR A4l 126820 K.

KBRSk S AR A RO T REYT R Y

DOI: 10. 19636/j. cnki. ¢jsm42-1250/03. 2025. 001

0 3

mit

BEFF R TR A e 2 09 TR R Y
U IR Je 5 i 14 REDRE L R T Bl S R AR i
TEBRAR [ N A R R A B AT R SRR T
500 L , Al AT 122 3K 0 55 W7 28 O A0 RN
R AR R D I T (9 IR 3l A 51 S Bl AT SR 0
S B A R L B S 20 0 07 TR H R O Y
2 H T EOF BB T IRER . &
SRR SR > 55 Al AT 4 Sk DB 2R 2R M Y
;E&%BJ_

X B S0 Sk 1) 7 i ) AL [ P o 2 3
AT T KA B BIF ST« VF AN S5 BT 5 3K o O Do ) i
120 20 Mr s 57 1 25 08 b 16) I 2l 1) 43 3k 7 i 00 A
T 5 30 AR S5 B Sk AT 9 05 A i o AL R
VA B Bl O 2 B RE 08 WU Ak 3l - A R B AT 1 K 75 4 5 X
G 25 AT AR BT R B R BB B B Sk 0 Tl 2
T LA A L 3 B Sk A i BRI A A ST
FER B AE I T PRBE A e Sk R 4 4 5 2 ook 4 Sk

{952 55 BT 24 5 T 75 P8 A5 A X Al R B AT 4 K 12
SUHAT T CAE 208, 4 45 il o B Sk R B0 2Kk 3k
JER AT T 43 BT 45 s R KA S TR BT 4
A= shoxh TRk A7 i B9 R WAL BT T — i e BT
PSR B0 ZIRE R BT P RE L APT SR EUEE M 32 1
T 50005 X SR AE Bt T — R MR A0 AR W 1Y i
MBSO 55 75 i s TS MRAT 55 8 T 9 IR 4 A B
B K IR ST RN DL HEAT T o A B A A
SO DU T VRIS b 23 i S135 Bl 4 Sk s 9% 9%

Il P9 12 3 0 T IR B0H Sk 10 75 i W 9T 32 B ek
AR LA LA A FH 24 it A fo P P 05 S K fe
75 i » I BEA 25 S BB TR BBl AT R 77 i TR HL
PR ST E 75 BRI T3 A B R AT
B R R SO ) 5 O BT R0 AR T O ORI OB
BT RS A B HL AL P 19 32 015 B S R T
By T 5 R 1 A I Bl 0L X R ) R AR SR
PLLUBR A Y S135 Bl FT 1 3Kk HE47 0 A% 77 i 23 F1LH

w AURN SE AR [ 5T AT ST O B2 T T R G T B B 4 R A A 3l 22 0 Bt B R Sl R F 5 (F2023239) BE ).

2025-01-06 I EI & M ke . 2025-01-13 ML & 4.
o GHTHAEE . E-mail: 3808555135@qq. com.



5 33

AL S ) 2T R 25 IR B B AL A S R IR
I8 UL DR S T 5 R T R Sl 1 0 » A B AT 4 Sk
TEH T T 32 A 5 MR 28 Ay 2E 47 42 Sk 9 P 20 » B
X Sk 7 AR RS 7 B AT ST R o e I
4 Sk 14 380 2 73

1 L hFEERET

1.1 ZEEHER

TEHAT I EAE B 15 09 53 B i >R TR AR S 4]
TRk 78 SCRH &I R4 14 1) 4 55 D) A8 T8 I e 2 A8t 4. % ML T
3 i S TR] 18 4 B A R it B MR B3y 1w A
R A BRI BT Y B L A A A TE G
FEZE EAAE — 2o, W 1 s 80 2 AN 5 0 A
JoEAWREEA6ADHB R RPITEI 12 M H B
JE b 6 AN AS A R 6 A HERE A B E L B4 B
REFEEU .y 2 F AR L 5. B s A
12 4~ A BB BRI B8 7 i T AR AE Ry
(8. ={w; 10, stt; 40,5 30, s — 0 s0; » — 0,5 sy 504 505 )T

(D

0(M.;)

1 iRk AmERER
Fig. 1 Schematic diagram of drilling column beam

elements and degrees of freedom
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Fig. 2 Field diagram of drill string mechanics

verification experiment
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Fig. 3 Comparison between simulation and experimental results of drill pipe force dynamics
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Table 1 Mechanical properties of drill pipe joint materials
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Fig. 10 Mises stress distribution of threads under the action of make-up torque
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Remaining Life Analysis of Drill Pipe Joints Considering Dynamic Loads
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Abstract The drilling environment and drill string assembly in deep and ultra-deep wells are com-
plex, leading to increased vibration loads that can cause fatigue and crack propagation in drill pipe joints,
resulting in premature scrapping. This paper addresses these issues through several research steps. First,
a dynamic calculation model for drill pipe joints is developed to analyze the axial force, torque, and bending
moment on the joints beneath the well. Next, a finite element analysis model is constructed to assess
whether the forces on the joints meet material strength requirements. Additionally, a crack propagation
model is established to evaluate the remaining service life of the joints. The findings are as follows: The
dynamic calculation model is validated against laboratory experiments. In the target environment, drill
pipe joints are subjected to an axial force of 13. 11 kN, a torque of 35 kN « m (including make-up torque) ,
and a bending moment of 0. 75 kN ¢« m. The analysis of composite loads reveals maximum von Mises stres-
ses of 551. 2 MPa for internal thread joints and 323. 2 MPa for external thread joints, both of which satisfy
material strength requirements. Furthermore, cracks in the threads of drill pipe joints are primarily open-
ing cracks, with depth significantly influencing crack propagation more than length. Under current operat-
ing conditions, a minimum crack propagation size of 3 X2 mm corresponds to a remaining service life of
126,820 cycles.

Key words drill pipe joints, dynamic calculations, finite element analysis, crack propagation analysis





