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A Study of the Notch Fatigue Behavior of S135 Drill Pipe Joint
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Abstract: Drill pipe joint fatigue is the main form of drill pipe failure. In order to improve the safety fatigue life
of drill pipe, the notch fatigue behavior of S135 drill pipe joint has been studied. The fatigue specimens were designed
according to the force characteristics of drill pipe joint, and the influence of stress concentration on the fatigue
performance of S135 drill pipe was studied by PQ-6 rotary bending fatigue tester and scanning electron microscope.
The results showed that the fatigue of S135 drill pipe exhibited certain sensitivity to the V-notch. The smaller the notch
root radius, the larger the stress concentration factor, and the more serious impact on the fatigue performance. The
stress concentration factor and the fatigue strength are in accordance with the power function relationship. The process
is as follows: the fatigue crack starts from the root of notch, and many sources of cracks existed (in annular
arrangement). When the stress is the same, the tearing phenomenon at the root of notch weakens with the increase of
stress concentration factor, the fracture becomes smooth and flat, and the fatigue fringes become fine and dense. The
research results showed that the optimal design of the drill pipe thread joint could reduce or alleviate the stress
concentration of the root, reduce the fatigue sensitivity of S135 drill pipe to the notch, and improve the safety by better
mapping the fatigue life of S135 drill pipe.
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Fig. 1 Fatigue failure position of drill pipe joint
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Fig. 2 Smooth specimen (unit: mm)
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Table 2 Calculation results of notch fatigue coefficient and notch

sensitivity
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11 AR 12 43 50 S e 4 4 L B ( SEMD) W%
FH K, Ky 2.23 Fl4.11 WHBe LR B W 12 80, Hop
(a) R 1 N W BRAARTE S, (o) Ry ) T 957
TEIXAIES, (o) AR 1T Wr 3 ARTE S, (d)h
IR 3 N5 IR IX A TES . Bl & 11 FIAL 12 WAL 9%
95 240N TR ER 1R 8 A (FETE 2L AL A2,

A3, ), BINERINEY R, C XAy R )
TR B A DA I B SR (LI 12(b) ), Y
H Aok, % 97 RSCFE R S A B AE (LR 11(b) ),
W 57 A BORL B (LR 11(b) | 18] 12(b) )5 IR H
T WA RBOEH PR (ULE 11(d) FE 12(d) ) .

& 13 b3 o 9 4 B 85 (SEM) WAL 2 19 K N
3.01 B J7 (267 MPa) 1 HI T ik I IR0RE W 1 998
S, o Ca) S W AR AARTE S, (b) 3 57 U X Y
WA Wl e 11, B 12 FE 139 K a5
2.23.3.01 F1 4.11 B, fIRLY 77 (267 MPa) £ HI T B H iy
JES AT 2L B FARTR R T aa w4 (WA 11(d) |
B 12(d) FE 13(b) ), FEARFIRN 1, B K 38R 1
P ) i S B 2 ek 55, BT 1 SR T Y B X0 A

e

iy ¢ £
i

1 i
5 ' ’T’E’f_fa—?ﬁ
g "
¢ . E i s
1 4 J R0
1510/kv¥200 SE
(b)

150 )

$=367 MPa, N=1.1x10° Ik

§=267 MPa, N=1.04x10° IX

B 11 SROKSEESSPERFEHD (K=2.23)
Fig. 11 Fatigue fracture of notch specimen in air (K;=2.23)

Ry e
iﬂﬁ foE

(b)
$=347 MPa, N=4.91x10* X

§=267 MPa, N=6.02x10* I}

B 12 S®ROKHEESSPIRFEHD (K=4.11)
Fig. 12 Fatigue fracture of notch specimen in air (K=4.11)

PR3 B, C DX R A RS R R R AIC | T AR /)N (L
Kl 11(c) . F 12(c) FIE 13(a) ) .

3 45 i

1)S135 BFTF Sk B9 97 47 0 HoA e k. Ot



F AT A F 4 %

655 S135 4hAT4E k8 0 7 AT A AR

© 69 o

15.0 kvx13

$=267 MPa, N=1.63x10° Ik

13 K=3.01 SO ESSPIEFEO
Fig. 13 Fatigue fracture of notch sample in air(K=3.01)

WRRE (K=1) W98 95 2480 H M 2 1 5T 2 1 e fil
T I MG 55 A T AR AR (R AR TS, e
B G 0] N, BRI XA T8 3 2% L 52 H Ik Gk
FHRFE (K >1) 1A GON B ARTR I ia b A4, A e 2
I (CRIEHES ), RECR I [0 N R, bW
P v Tl S I AT PO A 1 BTN g 7 VNP P S 7 g
TRE T 9% 55 R S0H A B A A28y e i 7 X

2) S135 B4 W% 9747 Aot ik 1V B — g 1)
OB o AEARIFIR I3 R, BEER AR R W8N (K,
B ), B 11 AR R A 0 S B G U 5, R AR A
Ak, 9% o7 R RSN . Rk, #EOENE T
P2 S BB R R AR, DARRAR 32 3k 18 28 U AR A 1 g
AR B, B SR B Sk BT R LU A YT R I e
1, B BT 55 FF 4w o

& £ X #

References

[1] HUANG Bensheng, YANG Jiang, ZHANG Hui, et al. Influence of
H,S corrosion on rotating bending fatigue properties of S135 drill
pipe steel[J]. Transactions of the Indian Institute of Metals, 2018,
71(1): 1-9.

[2] ZENG Dezhi, TIAN Gang, HU Junying, et al. Effect of immersion
time on the mechanical properties of S135 drill pipe immersed in
H,S solution[J]. Journal of Materials Engineering and Performance,
2014, 23(11): 4072—4081.

[3] OJANOMARE C, CORNETTI P, ROMAGNOLI R A. Fatigue
crack growth analysis of drill pipes during rotary drilling operations
by the multiple reference state weight function approach[J].
Engineering Failure Analysis, 2017, 74: 11-34.

[4] LIU Yonggang, LIAN Zhanghua, LIN Tiejun, et al. A study on axial
cracking failure of drill pipe body[J]. Engineering Failure Analysis,
2016, 59: 434-443.

[5]

[6]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

ZAMANI S M, HASSANZADEH-TABRIZI S A, SHARIFI H.
Failure analysis of drill pipe: a review[J]. Engineering Failure
Analysis, 2016, 59: 605-623.

LIN Yuanhua, ZHU Dajiang, ZENG Dezhi, et al. Numerical and
experimental distribution of stress fields for double shoulder tool
joint[J]. Engineering Failure Analysis, 2011, 18(6): 1584-1594.

LIN Yuanhua, LI Qiang, SUN Yongxing, et al. A repeated impact
method and instrument to evaluate the impact fatigue property of
drill pipe[J]. Journal of Materials Engineering & Performance, 2013,
22(4): 1064-1071.

LIN Yuanhua, QI Xing, ZHU Dajiang, et al. Failure analysis and
appropriate design of drill pipe upset transition area[J]. Engineering
Failure Analysis, 2013, 31(31): 255-267.

MO, TR, XIGEHL, 5. BALEIREE T G-105 il S-135 HH4FHY
MR i 55 PEREMI [1]. Al iR T2, 2016, 38(1): 59-63.
LIN Yuanhua, PAN Jie, LIU Wanying, et al. Low-load repeated
impact testing of G-105 and S-135 drill pipes in H,S environ-
ment[J]. Oil Drilling & Production Technology, 2016, 38(1): 59-63.
HAN Yan, ZHAO Xuehu, BAI Zhenquan, et al. Failure analysis on
fracture of a S135 drill pipe[J]. Procedia Materials Science, 2014, 3:
447-453.

LU Shuanlu, FENG Yaorong, LUO Fagqian, et al. Failure analysis of
IEU drill pipe wash out[J]. International Journal of Fatigue, 2005,
27(10/11/12): 1360-1365.

SHATSHATS'KYI I P, LYSKANYCH O M, KORNUTA V A.
Combined deformation conditions for fatigue damage indicator and
well-drilling tool joint[J]. Strength of Materials, 2016, 48(3): 469—
472.

NDIAYE A, HARIRI S, PLUVINAGE G, et al
concentration factor analysis for notched welded tubular T-joints[J].
International Journal of Fatigue, 2007, 29(8): 1554-1570.

ZUCUNI C P, GUILARDI L F, FRAGA 8, et al. CAD/CAM

machining vs pre-sintering in-lab fabrication techniques of Y-TZP

Stress

ceramic specimens: effects on their mechanical fatigue behavior[J].
Journal of the Mechanical Behavior of Biomedical Materials, 2017,
71:201-208.

FRAGA S, PEREIRA G K R, FREITAS M A, et al. Loading
frequencies up to 20 Hz as an alternative to accelerate fatigue
strength tests in a Y-TZP ceramic[J]. Journal of the Mechanical
Behavior of Biomedical Materials, 2016, 61: 79-86.

WAN Aoshuang, XIONG Junjiang, LYU Zhiyang, et al. High-cycle
fatigue behavior of Co-based superalloy 9CrCo at elevated
temperatures[J]. Chinese Journal of Aeronautics, 2016, 29(5):
1405-1413.

EWEST D, ALMROTH P, SJODIN B, et al. A modified compliance
method for fatigue crack propagation applied on a single edge notch
specimen([J]. International Journal of Fatigue, 2016, 92(1): 61-70.
TRAEAR. TREBPEL 2 ERE (M. 3 . Jbat: U Tl i i, 2017.
SHU Delin. Mechanical properties of engineering materials[M]. 3rd
ed. Beijing: Mechanical Industry Press, 2017.

[## XNXE]


http://dx.doi.org/10.1007/s12666-017-1135-5
http://dx.doi.org/10.1007/s11665-014-1198-y
http://dx.doi.org/10.1016/j.engfailanal.2016.12.013
http://dx.doi.org/10.1016/j.engfailanal.2015.11.004
http://dx.doi.org/10.1016/j.engfailanal.2015.10.012
http://dx.doi.org/10.1016/j.engfailanal.2015.10.012
http://dx.doi.org/10.1016/j.engfailanal.2011.06.003
http://dx.doi.org/10.1016/j.mspro.2014.06.075
http://dx.doi.org/10.1007/s11223-016-9786-8
http://dx.doi.org/10.1016/j.ijfatigue.2006.10.030
http://dx.doi.org/10.1016/j.jmbbm.2017.03.013
http://dx.doi.org/10.1016/j.jmbbm.2016.01.008
http://dx.doi.org/10.1016/j.jmbbm.2016.01.008
http://dx.doi.org/10.1016/j.cja.2016.01.009
http://dx.doi.org/10.1007/s12666-017-1135-5
http://dx.doi.org/10.1007/s11665-014-1198-y
http://dx.doi.org/10.1016/j.engfailanal.2016.12.013
http://dx.doi.org/10.1016/j.engfailanal.2015.11.004
http://dx.doi.org/10.1016/j.engfailanal.2015.10.012
http://dx.doi.org/10.1016/j.engfailanal.2015.10.012
http://dx.doi.org/10.1016/j.engfailanal.2011.06.003
http://dx.doi.org/10.1016/j.mspro.2014.06.075
http://dx.doi.org/10.1007/s11223-016-9786-8
http://dx.doi.org/10.1016/j.ijfatigue.2006.10.030
http://dx.doi.org/10.1016/j.jmbbm.2017.03.013
http://dx.doi.org/10.1016/j.jmbbm.2016.01.008
http://dx.doi.org/10.1016/j.jmbbm.2016.01.008
http://dx.doi.org/10.1016/j.cja.2016.01.009
http://dx.doi.org/10.1007/s12666-017-1135-5
http://dx.doi.org/10.1007/s11665-014-1198-y
http://dx.doi.org/10.1016/j.engfailanal.2016.12.013
http://dx.doi.org/10.1016/j.engfailanal.2015.11.004
http://dx.doi.org/10.1016/j.engfailanal.2015.10.012
http://dx.doi.org/10.1016/j.engfailanal.2015.10.012
http://dx.doi.org/10.1016/j.engfailanal.2011.06.003
http://dx.doi.org/10.1016/j.mspro.2014.06.075
http://dx.doi.org/10.1007/s11223-016-9786-8
http://dx.doi.org/10.1016/j.ijfatigue.2006.10.030
http://dx.doi.org/10.1016/j.jmbbm.2017.03.013
http://dx.doi.org/10.1016/j.jmbbm.2016.01.008
http://dx.doi.org/10.1016/j.jmbbm.2016.01.008
http://dx.doi.org/10.1016/j.cja.2016.01.009

