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Abstract: This paper gives a thorough investigation on the accident of the drill pipe crack at square shoulder root of tool joint in
order to know the failure cause, and one sample of cracked tool joint is taken for failure analysis. Failure analysis comprises the macro
and micro analysis, the experimental analysis of chemical composition, mechanical properties and microstructure of drill pipe joint, and
the analysis of load borne on drill pipe during drilling. It is reckoned that the early fatigue fracture of square shoulder root is caused by
the irrationality of the size of the root and the severe stress concentration at the square shoulder root of joint. Fatigue cracks easily oc-
cur at the square elevator shoulder root of joint, because the loads borne on drill string are tension, torsion, bend, and vibration that are
continuously changed in drilling. It is suggested that taper elevator shoulder be used to prevent the crack of tool joint in essential.
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Field instance
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Tablel The drill pipe use information

g RIER RmERE PR,

/m /h /m
F1oHF 4460 754 4460 K4 R
%2 w3 3883 352 4385 H#4EME

&R FFIT 58 5 R 4R ¥ M API SPEC 71 API
SPEC 5D .l SY/T 5290-2000.
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Measurement and analysis on crackmor-
phology
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Fig.1 The configuration dimension at square
shoulder of tool joint
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Fig.2 The morphology of crack and washing out
at square shoulder of tool joint
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Fig.3 The fatigue stria on fracture
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Material test
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Experimental analysis of chemical composition
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Table 2 The chemical composition

A% C Si Mn P S C Mo V Ti Cu

2% /% 0.38 0.25 0.90 0.008 0.005 1.07 0.29 0.01 0.01 0.12
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Mechanical properties test
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Table 3 The mechanical property
. PERNER &S A
R H FIBR ORIE &M 3 HB
B /MPa & MPa %% (21°C) S10/3000
%R 996 893 226 124 312
APISPEC7 =965 =827 =13 — =285

SY/T 5290-2000 = 965 =827 =13 54(-20C) = 285
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Micro-structure analysis

TE BB i TR PR HEA T @ AH 347, S A AT
SR AT, HEGEIETAMNEE, REUh iR PR
1], BB IR FRNOIAT 73 3, FEEUR i R 2R, RLL
PN 2R 25 oAl D AR TR (18] 4~5), SPRE RO
GUH Sw, FENBELLUN Sy + D B o AWRIEEN 9.5
. N A1.5,B0.5,D0.5,D0.5¢,

AR BT S SRR AR
A T7 R BUFFAL -

B4 REHBRAALR (100 4)
Fig.4 The morphology of crack and micro structure
at crack original position
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Fig.5 The morphology of crack and microstructure at crack tip
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Results analysis
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Conclusions

(D) B NIREECSL B MR B R RMRLUR T
WFFRAL, ORI B RAZAL SRR, N FE
Ko [RIFESEAKERAC, IR 1 BB R 1 4

()RR ARBE &5 R #hikF ek .

SR

References:

[1] APISPEC 7. Specification for rotary drill stem element. 40th
ed. Washington(DC): API, 2001-11.

[2] LV Shuanlu, FENG Yaorong, ZHANG Guozheng. Failure
analysis of IEU drill pipe wash out [J] . Fatigue, 2005, 27:
1360-1365.

[3] B8R, BAN, B0, 5 . 40T R AL 24 AR

Bk (1] . &b a K, 2006,35(S1) :12-15.

LV Shuanlu, LUQ Fagian, GAO Lin, et al. Cause analysis on
drilling pipe wash out and preventive measure [J] . Qil Field
Equipment, 2006, 35(S1) : 12-15.

[4) &3E, 3%, 50K, F MELEFBEHALAFEIMN
ARG (1] . Bamss R T¥,1991,13(6): 29-35.

GAO Hongzhi, LV Shuanlu, LI Helin, et al. Failure analysis
and prevention of drilling jar [J] . Oil Drilling & Production
Technology, 1991, 13(6): 29-35.

(5] &Mk, 545, 90A6, % . BT LR SN
HRA A [J] . B4R L E,2008,30(5):34-37.
YUAN Pengbin, LV Shuanlu, SUN Bingxiang, et al. Cause
analysis on drillingpipe rupture in air drilling [J] . Oil Drill-
ing & Production Technology, 2008, 30(5): 34-37.

(6] Z#E, BRE HER,F SHELNREERH
ek AR R (1] . B 3 AU, 2006,35(S1):
20-21.

WANG Xinhu, XUE Jijun, XIE Juliang, et al. Study of the
torsion strength and material toughness criteria of drill pipe
tool joint [J] . Oil Field Equipment, 2006, 35(S1): 20-21.

(7] BitF, £47% WSI1 088.9 mm w975 454F 7 LR B &
# ] . Bibdb R 1%,2004,26(5): 47-49.

LV Shuanlu, WANG Xinhu. Analysis on (388.9mm square
kelly break in well WSt [J] . Oil Drilling & Production
Technology, 2004, 26(5) 47-49.

(A ARKE BB 2008-11-09)
(%3 BXE )

ZE izt iRR AR AR R 5

EHBEARE, R mm b =) F—RiFKL
WL B ABRGABRE TR RE, %548 11 AR
KA T RAK A AR, BT, B RBEL S B E<
100 mg/L . & 54 Bl 4k 68 <40 mg/L #9H 5L F, % 35
WG FRFY S A 24mg/L, FHESHEKREE
A 56mg/L GLEMERBAFELTH), £4BL
SHES0mYL, EFHEKRLSE<ISmg/L &~
KIFBHRER,

BHE R ETHARAR A B R — BT KA
B AGARREIFENM,RKEBRT $#FKRKRES
BH AR, 213 R FXBEHE, T 2007 £ kLt T LA
HERTARIREH RG] “BEREALEE” R,
BHAN R B0 B b MR RTERF S

HRET R, FA—AREBF—B 56, KRMK
AP AL AT TRBFAEBARA. BHAK
TEAT R WARAC , B AT AN LR AE 04 2 6k, 2 R
shat 2 o R R IR AT SRR SR SR AE DR A 7 X 1R R A
gk B MR, L —F R B A, AR R
BT E—BAR T KK SR,

Bty R AN R R ARG R B, AR K
E TS0 TRARMR BT SRR E, B AL
5 KSR S B B SRR FATRRE T TR L B8 £
Kb E R 2 5 KRG ARG T #rit k.
AW {5k

(ffhs: FEER BHE)



