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Abstract

In view of the fracture of coiled tubing when it is used in milling, which is in offshore oil field, the
composition and mechanical properties of the failed coiled tubing are analyzed by using a scanning
electron microscope, direct reading spectrometer and various mechanical property testing equip-
ment. The results show that the main causes of the failure are the overall thinning of the wall thick-
ness of the tubing, the multiple damages of the outer surface, the serious thinning of the wall thick-
ness at the fracture position and the local bending deformation, which finally lead to the fracture.
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EREENE 1. 2019 4 8 H, 1XIELLMEERE M il A T84 8 (Milling) N & AL L,
20 W —ME LR T 2019 45 10 H 3% 3 o [ A4 FUA i TREBARD b,
% API Spec 5ST-2010(R2015) CELEMAEHIEY H 1) CTI0 X474 Il

IR AW R AT R #E . F b 5:45 IR BHEESH AT 1367 KALEEIN ) K IR, L)
POOH (Pull Out of Hole)R 7= 5 3765 kg (8300 Ibs), #:# RIH (Run in Hole)R#& = 1360 kg (3000 Ibs),

B E . 5:48, RIHJIRZSEERIRERI-1360 kg (-3000 lbs), {REFHEE, HLLMmE

ARSI 23 K, 3

1390 K, JCHABTWEAS . EELLME K /7 900 psi, 4REEIEIL. 7:30 BPEI B NFif, B 2B E 4082 kg (9000
Ibs), 15IEZEEWAAE, FTITRWEES, B EF|-454 kg (—1000 Ibs), FRPELEME R 1373 K(fhiH b &S
WA TERT WS LRIk . SRR . 8:25 ST TR Mis. 8:40 K IESMEWZL, HELME 1367 K
+BHA4.5 K.

Table 1. The information of coiled tubing

F 1 OELEHMERR

AT / LW E S XDKC19013003
LM E N ST90 5 L E MR 38.1mm (1.5 in)
N 2.77~3.40 mm .
Syl A R B S K
e eiik=g TN (0.109~0.134 in) S E K 4577 m (15015 ft)
RS R H A 201941 H 27 H TS I LAE H 2019 %3 A
TSR A SR A 39 K FE TR e FE A4 BE
BRI AL IR B 10 & B — RIRAAE T ] 201943 H
B KB AN A 15% HCL PR RV A 3 e T 2R
& H,S TR S 4K & CO, TARIREL 4
K H,S W 30 ppm Bk CO, W 18%
T HoS/CO, R EAF A FXIENERE A CoilGard SERIE AL E 4hME(OD)
=) e 220 B S
e e T Bx 67'392%;0/%*%73 TSI MR 128,917 m (422,956.28 ft)
. o
Table 2. Working conditions of fracture
F2 2. WA IR
o - . #F7K (Seawater)
N 3 A~ Fh
K TR 3650 m TR 9.91 KPa/m
i £ % (Milling) PR IESME T IR 1367m
AL E B B o R 1367 m AT B s B R 3.2 mm (0.125 in)
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R TARRA AW TAERIH) SRR Y A 42%
A RN I 900 psi R RN B 15% HCL
H,S K& 30 ppm CO, W 17.94%
I A A A8 S b ) f# 7 CoilGard CoilGard ff i1 & {¢ 4% (0D Only)
BRI R A W T A B #8251 L 1i (Over gooseneck)
R Wi, 5|

Figure 1. Coiled tube with fracture
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Figure 2. Experimental scheme

2. RS E
3. SERg R

ARLA4460 HiGiE(Y, SHT4106 A EHAL AL, UH-F500KNI #EHRIEHL, RB2002T & KA E T,
KB30BVZ-FA 4 [CHEEETF, OLS4100 WOLILRAERMET, HE 7 RMET, &85 RNEN.
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4. KBERKGRSh

4.1. BRI

P37 R 0% S B Wi R TSR0 1 3(a) foRs 1635008 s E S 3 Rl 850l an &l 3(b)fn
AN o SRS S W 1] PR AT B IR AR T, 4 W 1 AN SR T Sk AT . W B I A AR A EE
JEA I 25 5 W42 30 72 W VBRI /0 3R T R IR 2 AL AT B MRS T, A% 4 mm, )R GE A,
WK, i 4. HAMYE 1 RRATHHRKEZ) 30 mm, VIR 2 758 o0 3 1 PR o] PR E 24
33 mm, SEHZE BT 1, FE 48 SR T TR 2 20 mm, 201 4(b)FTom o VR 1 76 W7 01 ARG EE 5254 2.35 mm,
W 5a) i, BEEHCPRIRFERE IR 2 BEJE N 2.0 mm, 401 S(b)FE] 5(c)fias. W BT K iR
T 6(a) B . FIEEFITIEI0 a0 1 6(b) s, ATETEI SR AL e 45, 52 3 [ 7 [ V) Al .
(E A1 I BT 17 X s g B =/ B A0SR T R SR S B, ] 6(b) B, 25 R R AR 2 FIE K 3 4Eh

R, Wk 6(c).

Table 3. Test results of outer diameter and wall thickness near the fracture (mm)

(b)

Figure 3. Fracture morphology of coiled tube. (a) Failure scene morphology; (b) Morphology in laboratory
3. RPEGCHEMOM R . () KBIAMIR; (b) EREMR

= 3. BrOMHLSMEANEE BALMLE R (mm)

oA DA 0°~180° 45°~225° 90°~270° 135°~315°

P 37.81 37.52 38.14 38.02

: BE 2.58 2.47 2.63 2.42 2.60 2.46 2.53 2.50
hhz 37.83 37.64 37.94 37.91

? B )5 2.58 2.58 2.60 2.51 2.64 2.61 2.52 2.61
sME 37.83 37.73 37.84 37.94

’ B 5 2.60 2.56 2.60 2.56 2.61 2.54 2.59 2.62
sz 37.80 37.71 37.85 37.86

! EE R 2.59 2.58 2.55 2.65 2.64 2.66 2.58 2.63
Hhz 37.83 37.66 37.84 37.81

: B )5 2.61 2.61 2.56 2.61 2.63 2.60 2.52 2.60
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A E 37.83 37.76 37.88 37.83
6
B JE 2.62 2.58 2.63 2.56 2.62 2.55 2.58 2.56
API Spec 5ST-2010 HME: 37.85~38.35
(R2015) [1]%R BEJE. 3.0~3.5
1 2 3 4 5 6 0
} 315 5°
A7 B LRGN 270° 90°
i BnEE / .
W T 295° proet 135

(b)

Figure 4. Indentation deformation near the fracture. (a) Two approximately parallel indentations; (b) A partial enlargement
of dent 2

E 4. BIOMBEMRER . (1) AFEMTEITHER; (b) MR 2 BEHAE

(b) (©)

Figure 5. Detection of dent tube thickness. (a) Detection of indentation 1; (b) The left side thickness of Indentation 2; (c)
The right side thickness of indentation 2

B 5. MREEAN. () MR 1 EZEAN; Ob) MR2EOZMEE; (o MR2HOLEMNEER
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Figure 6. Obvious damage near the fracture. (a) Sulcus injury; (b) Scratch and cutting damage; (c) Outside diameter defor-
mation

6. BAOFHERRRSISG. () WRBMG; (b) BIBFIIHIRG; (o) SMEER

4.2. WERMD5HT

FEFT I R BOES M FEURE, IKYE ASTM A751-14a [2], ] ARL4460 ELEEGIEAGHAT L2 004>
Mr, SR 40 FERAT R W45 RAF & API Spec SST-2010(R2015)% CT90 HIEEK .

Table 4. Chemical composition analysis results (wt x 1072)

F A WERDDPIER(wt x 107)

AT C Si Mn P S

XDKC19013003 0.13 0.33 0.77 0.010 0.0019

API Spec 5ST-2010(R2015)
%t CTOO (K35 1] <0.16 <0.50 <1.20 <0.020 <0.005

4.3. RIHRLE

RPN R BOES M A 2Rk, K3 ASTM A370-18 [2], 18/ SHT4106 A EHAIEHLIEAT
5, ZERILEE 5. SRR AT A API Spec SST-2010(R2015)%} CT90 FIEE K,
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Table 5. Tensile test results

5. RRIEEER

s fal e B PihiiE(MPa) i IRGEE (MPa) AR (%)
XDKC19013003 37.80 x 2.50 802 654 19
API Spec 5ST-2010(R2015)% CT90 ft FR >669 620~689 >17.0
Vi JEIRIEEE S APT Spec SST-2010(R2015)H5E K & 1 R 0.2%Ak LL @ (i 7 243 211

4.4. ¥ ORKE

EPE R BOES M EHURE, K48 API Spec 5ST-2010(R2015)}5E J79%, {84 UH-F500KNI 1 RHz
IOALEATY 50, 45K 6. FEEY THREE S5 A& API Spec 5ST-2010(R2015)%F CT90 [ E 3K o

Table 6. Expanding test results
Fo. ¥ ORWER

RFEG TS A BEC) ¥ HZE Xy (%) R 2
XDKC19013003 60 25 WAEY O F] 39.68 mm A H IR
API Spec 5ST-2010(R2015)%F CT90 [ =3k P4 25/ 39.68 mm B FEZ4L

e VOB R R TR T 5 R AL S A L E SME 38.1 mm (1.5 in)AEEEIS 3.2 mm (0.125 in)f# API Spec
5ST-2010(R2015)}L & tH H A2 2.

4.5. ERIRIE

TE AT R OE S FBURE, ¥ ASTM A370-18, i i UH-FSOOKNI A4 BHALGHLEAT 1 ik 56
GERWLEE 7. BEGE IR S A5 E API Spec 5ST-2010(R2015)%F CT90 ()% 3K,

Table 7. Flattening test results
# 7. ERAEER

A NGRS
SRS YRR E AT AR H] B B
0° JEZ 33 mm, AR HIL
XDKC19013003
90° JEZE 33 mm, AHIIHL

BRIIBE SN T 33 mm 2 3T, S54RSS RE BT SR T 0 R 72

API Spec 5ST-2010(R2015)%} CT90 fit) H sk o 3.2 mm (0,125 in) I BLLL BT EL,

VE: MR PE B R AR R TR A E S B U EAME 38.1 mm (1.5 in)FIHIEEE)E 3.2 mm (0.125 in)i% API Spec
5ST-2010(R2015) 8 5E THH A FN ] .

4.6. IRICEEIRIE

TEFTIE IS ROESE M FEURE, 4G ASTM E18-19 1 F] RB2002T % FCAT B + HEAT V% OB B2 R 06, 45
R 8. FEMIE A IR0 45 A& API Spec 5ST-2010(R2015)%} CT90 [ E R ,
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Table 8. Rockwell hardness test results
< 8. IBIKEERNER

. i % I {E (HRB)
N TR RIe A E R
ANRTH B JE ] PR H FIME
JELBE I I R 98.0 97.5 99.0 98.0
FAFA X 94.0 96.0 96.5 95.5
XDKC19013003 1E5k 98.0 98.0 97.5 98.0
1544 90° 8 BE 96.5 99.0 99.0 98.0
JE5E 180" 97.5 97.0 99.0 98.0
API Spec 5ST-2010(R2015)%} CT90 A E R / <99.5
H: DN HRC B#EE/NT 20, R4 API Spec 5ST-2010(R2015)#E, 250 HRB T340 . 4% ASTM E-140,
HRC22.0 #e5 )y HRB99.5,

4.7. EREE AR

TE SR BOE S B W LB AL EL 1#. 2880 3 e, M BEWE 6 s, {8H KB30BVZ-FA 4 FC il & it 78
G T HEAT 2 ICRE R RE, SEER UL 9. 45 SR L BT SRR 4 IR R S S

Table 9. Vickers hardness test results

0. HRWERIGLHER

R Y FCTE B A (HIV 10)
1# 258 244 266 258 239 253 248 247 252
2# 272 256 243 268 243 246 273 255 251
3# 259 247 253 252 246 263 268 269 261
4.8. ST

FEFTE RBOES M W DI AL 1#. 2#. 3#. 4#. S 6HARE, WFEg S X ML B 7 R, K
% ASTM E3-11(2017). ASTM E45-18a. ASTM E112-13, f#i[f] OLS 4100 #0444 B ik pE kAT
SAH T, SR WAL 10 FIE] 8~13 0 FF iR BE 20 1T 45 A& API Spec 5ST-2010(R2015)%} CT90 f#E:K,
PREEAR DL WLR P

Figure 7. Schematic diagram of sample position
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Table 10. Metallographic analysis results
= 10. ERPHLER

WS AR Bl FE ()
5# B+F+P 11.0
API Spec 5ST-2010(R2015)%} CT90 555K / A ASTM 8 £ 55 56 4

E: B-TIKRAK, F-2R&1K, P-ERobik.

10~12 AR A B ) SR 3BT8OR . G5 R, 1 2480 3#URE T R 2 200 B [l b R TH 7
25 AR TR 2R FEAN R RS TR 1 (B T)AINDR 2 (18] 12)40 20 235 8 fA I Ath A 2 1T 41 24
TR ZE S o#ulREEIWT I 1 mm K FE N AW RIS, Wlsl 13 Fron, Sl 0 iz ab 4 4348
UZNUETE

N ERT L R 71 I P A S e S s L

Figure 8. Metallographic morphology of pipe body (5#)
8. BEFERARTIR(SH

(@) (b)

Figure 9. Weld morphology. (a) 1# morphologyaway from the fracture plate-plate weld; (b) 4# Longitudinal weld morphology
9. REETR. (a) IHEESEIOMR - WIELERIR; (b) N EIREETH
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Figure 10. Microstructure morphology near fracture 1#
10. 147 OMIA B AR5

W 1 4120 b
7 25

(D €122

Figure 11. Microstructure morphology near fracture 2#
B 11. 247 O MA AR SR

Figure 12. Microstructure morphology near fracture 3#
[ 12. 34T O MR LR SR
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Figure 13. Microstructure morphology near fracture 6#
&l 13. ot O ML LR R 50

4.9. S HT

FE TS R RCE S W AL IURE 14, 240 34, 1RG0 BLA B AN 18 7 o o b A e gt
i, AR T BB W D R HEAT PORE SN 5, SRR 14, 85RE7R, Wi

BI: 10.00 VEGAS TESCAN
SEM MAG: 200 x Det: SE 200 pm
SM: RESOLUTION | View field: 1.38 mm Performance In nanospace

f ¥ P
BI: 10.00 ‘WD: 27.55 mm VEGA3 TESCAN

SEM MAG: 500 X Det: SE 100 pm
SM: RESOLUTION View fleld: 5§54 ym Performance In nanospace

(2) (b)

Figure 14. Typical morphology of fracture surface. (a) Fracture surface of sample 1#; (b) Fracture surface of sample 3#
14, BOREAREH . (2) HAFEORE; () 30 ORE

Figure 15. Energy spectrum analysis area

15. BEWE AR IX
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R L™ B, CAREMEE B TG T o X SR 200 S ih 6 Wy BT BEds 0 A, SRR 1A 15~17,

® 11, £ 12,
690
621 P
552
483
414
345
276
207
138
69| -
_ %.0 1.3 2.6 3.9 5.2 6.5 7.8 1.7 13.0 ‘
Lsec:47.9 33Cnts 2.300keV Det: Element-C2
Figure 16. Typical energy spectrum analysis results of fracture site (region 1)
& 16. BTOBPAIXE 1 #BIEETESTEER
730 [
657
584
511
438
365
292
219
146
73
00.0 1.3 2.6 3.9 5.2 6.5 7.8 11.7 13.0
Lsec:48.0 37Cnts 2.300keV  Det: Element-C2
Figure 17. Typical energy spectrum analysis results of fracture site (region 2)
17. WROERAIX I 2 SR BRI A4 R
Table 11. Analysis results of region 2 energy spectrum
F 11, X1 BEIE AR
Element JG & Weight Fi &% Atomic i T% Error %%
OK 34.20 62.26 10.19
SiK 3.67 3.81 10.67
TiK 17.57 10.69 4.17
FeK 44.56 23.24 3.46
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Table 12. Analysis results of region 2 energy spectrum
12 X 2 gEIE P ITEER

Element JG% Weight i &% Atomic Jii 7% Error fRZ %
OK 25.69 53.78 8.68
SiK 0.64 0.77 39.95
SK 0.88 0.92 26.30
CIK 0.88 0.83 30.81
KK 0.92 0.79 23.90
TiK 3.55 248 13.88
FeK 67.43 40.43 2.90

5. REDHEEGR

RABOESE B R 2 B 45 454 API Spec 5ST-2010(R2015)%}F CT90 fIE K, H ik, §7 1
R i IR A% FCRE R R I 45 I & API Spec 5ST-2010(R2015)%F CT90 AR, Shokii 5 70 #r 45 R
F4r API Spec 5ST-2010(R2015)% CT90 [)#k .

MZE ISR AT AN G AR A W 45 T UE R ROE S B I AL R A S AR T . B 1 3Rz 45
BN, BEJEIR/D, AL EEERZ) 1.5 mm. S W R R AT 0 F

1) BEJEEARGE D . R AOE S0 TC W] BAR A S BE [ 2.42~2.66 mm. AR ILIATRAEE S, Wi
1A A0 58 BE JE A 3.2 mme

2) WA 2 b i . B E AR S SRV, PIARINDR, KA YTEL . e ) Ak
/NEEIEA 1.5 mm iy, AEBIRUEEEE M —F, BT M%EL 10 mm. MPR 2 BEJECH 2.0 mm, AHE
BEJE(3.2 mm)i 62%, HKE 53 mm, AEEKK 44%. MR 1 A7 WA 30 mm, RIS — 0054 S
BRI, KRR BT AR S BE S 2.4~2.6 mm, SR EB LA RSP ARE 4 A N AR 3]

3) JRERA AR . WAL 2 b, BEED H o AN S), SRR R AN BRI B SR ) — 2, W
T R 32 52 765 i P R N FEE 3 B AT 2 PR AR 88 A A P B s T B 25 i 8 T, RS2 B R R i i 55 2 &
BB, NADMAE] . (EESME DS AT B2 5 5= AR 4, IS h A 5. ) f5 e 4
N AT, MR R T TR, E R4 AN R RS BN A1 R S A e A i

ZRA UL oA, R A IR iR R B SRR AR, AR T 2 A 9 ELAH R BT 5 B 11 P A
B 71 Y Y T ) S AR I

SE

[1] (2015) API Spec 5ST-2010(R2015) Specification for Coiled Tubing. American Petroleum Institute, Washington.
[2] (2018) API Specification SCT-2018 Specification for Casing and Tubing. American Petroleum Institute, Washington.

[3] Zelg, FEER, T % ¢139.7 mm x 7.72 mm J55 LC EEMRIE LSBT AMME S, 2012(11):
53-58.
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