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Investigation on toughness index of high grade steel drill pipe
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Abstract: Due to the development and application of ultra-deep well and directional well drilling technologies, high grade
steel drill pipes, such as G105 and S135, are used widely. The drill pipe failure incidents occur frequently. The fatigue
crack length of high grade steel drill pipe is about 60-80 mm at steady developing stage. The impact energy formula of " leak
before break" failure mode was proposed, and stress strength coefficient was introduced for the first time. The results show
that the impact energy value increases with the increase of critical crack length, stress strength coefficient square, and steel

grade. The impact energy values of high grade steel drill pipe and anti-sulfur drill pipe are not less than 80 J and 110 ] re-

spectively to ensure drill pipe under "leak before break" failure mode.

Key words: high grade steel drill pipe; failure mode; fatigue; impact energy; toughness index

I 2 R 2 9 A TR A B T R AR TR 1)
e A SE ST AR AT L, Al R Az o
KEIHL ST B A AR sh A B A BT Y
2 VTR BT 0 SR R R A L B AT
(18 2 3™ EE R ) 1R S 1 S5 R B, R T AR
I i B o 2 4] SEE RSB AT ORI R
BURETFFAS R LA 0 E e e bERe, SR, B
A R A FE G105 FT S135 i3 3 R AE 7
4% APT BLSEHEAT (4, BT APT RS 00 3 X6 44 )
S8R JEE B 1) SR G R R 4500 G s 1 B SR Ak B
12,0 AT R R S A 08 b DL E AT A 20
g 90 AFEARAT XL B B AT 4 Hh 1 43 1 ZE3R (10

i B H8.2010-12-10

mmx7.5 mm) , FEitERM AP EAWER T ER
5 RAEHRA T 2007 4Rk R & A Sl BAR 2l 339
i ,2008 AF AR Bl 2RSSR i 298 R, iR R Y
VRGO R R A B M AR
PREESR XS T BT R A e A S Bl 2
SR RAEEE X,

1 SAFRIRRIE 12

BEAT R Bl A 1) 2 22 M, LR B B A R T
Horfr 5o+ B A A7, A 75 4 Xk T O 3
JE R A LR, AT 9 RO X E R
FLANIBT LWl | 2 S5O B 3 R 95 55 1 kg 57 2k

EEWA . T EAA KRR ER L FRETIR S HARIT R (2008D-2404)
YEB R AT 208 (1982-) 53 (CBUIR) , LR N, TR0 , 1o AP A | RISl A B R 38007 5 B T S RIS



%3545 %5

B F RN BAEAT I IR AT AT A - 131 -

RO AT R 2 TR Y 2 A AR T LA A N
HIRIEE T I 98 55 L0 L — LY i 2 i B
JE— o e BRI HH I ORI LW R AR L
PE,RFLABT RS — [l | B B R AT BE IR LS
T A i FL AR A8 2 W BRSSO R T Bl A I 7R A2 1 b
A FALAT A4 RO PERE

WA Wr ¢ T 27 PR, SEB b 1 T 9 2RSS )
VERIR AT 23 R 5K T B ZREL i TP 2R SOR 5 T 24 5
Zr kPR R BOR RN I W R I T
PRAESG AT B IRAE 22 42, AR S T 5 1 2808 5K 0T Y
HEAEH, CHEFT IR R B  1EE T REUR
St 141 IO 3 2Rt R e ) B I RO R A A T, SRS
JEl T FIAR 14" R | OF 2 a7 BE VL iU L R FLIE A
Jai ,— BRI FL AL i R B R A PR A5 IR (1]
i, AR P EOR 2B ik LA S I B R
T35 Ul A0 DT e 4 4l A s R A A 25 T FE
R, BEMTAE AR T B A 25 T Bl R
CEBNAE Bl Sk S BAT 5 T BE 2 R PR S 1 SR TR S R
Pk HOFBCR R RA R N

p.=Ap,+Ap +Ap +Ap,.

A, p, ﬂﬂ%ﬁ#?@lﬁ)ﬂz,MPa;Apg\ApsnApa F Ap,
O30 R M T TSRS B RE N AR BRAS IRAE A, Sk
JE#E,MPa,,

UNRAGFF BT AR SZ 9 S s FIAA et B S P RE 1 7
W57 B R E B, I BT, Bt
FERUG | B W) R R 208 8 s tiAL
R AR S B v 17 588 B2 PR, AT 1) SR AR ) g
JE o BEERLAIE AT B9, 3 R R
TR TR, HRIFLR A B —RE (I, 2 3850t
[E AR RN Y (YNAYC IR B u s TSR NI R A
R PN T e A R 2R A, RIS SR At A
BERE , ATTRE SR B A A A 0 T BB 28, BV RAIE BN AT 1 2K
Ok SeRR W ™ Rz, AT BT AR AZ (1 A 4
TP FIREA F B PERE A 55 A R e et 1 5
SN AN U AW 29 A WER S UE /I E o 52
TEHBTRIE VN B3 BRI 28 22 i B & A B AT T R R A
Bl R AR U N T e H AT JCIA R 1, O
TORIERG AT SSRGS AU B AT AR A
SRBIPEDC R R RS AR SRS

2 SEFFEIEIEAREIERE

2.1 SHITETRIGF REKEHHE
SE AT DU 1T 5 S5 1t Al AR B 37 47 i
LGEt o3 A v 1 A i A 5 2 4 2R 0o B Hp oL

10 420 58 BUAY 400 ARIUVRG BLAR R B 200 & 30, K
et e NGB T i A i 2 BT 2R R S0 T R
FLTEIBRAL 1 ~ 3 mm, FEAC LR, WKL 1 (a) BT
7, T ELH T R B AT AR 2 5 1 AR R b &
AW R R . JE T B 2R LI SR AR AT
OEPA R S 8 S Y 33 N I A E - R G| DN
280y R PERL . FiAh T RIFLIRI B A
ORI T /0y, DN T A5 b TR 58 T ARG, R
A T RSO ) T s B AH 2 R N b T
WA 23] i R, M THT N G2 A B & BB TR 25
O FBARZ 0L T, H T A 53 AS RE S I A R0 6
WEEE o Geit oA OSSR R B W DT SURRAE B
KRBT 9 57 R B E Y TR 60 ~ 80 mm,
8y R, W 1 (b) R, EARE A R
B8 T AT DLRR I HE A B 98 55 MESCARH I 2 s
MK R A S REUE A RTRY R, R
R AL K 73 BRI IR TR . o TR
UERG T A A < Sl 5 W 1) 2R s =X, it SR Al AT I
S4B B WAL T 60 mm,

(a) (b)
1 SHFF“RIFL” RETER R

Fig.1 Drill pipe's piecing and fracture surface
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Fig.2 Fatigue striation in stable developing stage
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Table 1 X values of different drill pipe
and critical crack length
Il 5 B JiE
40 mm 60 mm 80 mm 100 mm

D=12Tmm,t=9.19 mm 0. 160815 0.298758 0. 505086 0. 816003
D=127 mm,t=12.7mm 0. 155966 0. 283768 0.469821 0. 743875
D=139.7 mm,t=9.17mm 0. 156436 0. 284866 0.471056 0. 742310
D=139.7 mm,t=10.54 mm 0. 154680 0.279491 0.458573 0.717208
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Fig.3 Impact energy values of G105 and S135 drill pipe at different crack length
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Table 2 Impact energy testing results of anti-sulfur
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drill pipe under different soaking time J
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