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Abstract : Coiled tubing operation technology is widely used in drilling and repair operations, and the core of the technology is coiled
tubing. The quality of the bias weld directly determines the fatigue life. Whether the microstructure of the bias weld is consistent with the
base material determines whether the fatigue resistance of the weld reaches the level of the base material. This paper uses multi-
frequency eddy current testing technology to detect the reactance of the CT90 and CT100 coiled tubing steel strips in the bias weld area
and the base material area to distinguish the microstructure and grain size of the base material area and the weld area, and judge whether
the microstructure of the bias weld reaches the level of the base material. According to the signal characteristic cloud map, the weld area
and the base material area are identified. The results show that the grain size of the coiled tubing bias weld area is significantly larger
than that of the base material. It can be seen that the weld quality of CT90 is better than CT100. According to the microstructure
difference between the weld area and the base material area, the quality of the bias is evaluated, which has guiding significance for the
quality control and improvement of the coiled tubing production process.
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Table 1 Chemical composition of CT90 and

CT100 coiled tubing (%)
i C Si Mn P S Al
CT90 0. 10 0.35 1 0.015  0.005 0. 003
CT100 0.17 0.35 0. 40 0.045 0.045 0.02
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Table 2 Physical parameters of experimental materials

L S5/ (MS'm™) G
€190 8.55 154
CT100 7.98 146

BRI L A MG AL BRANIE 4 FTs % EenT g, %
SR BEA IO TIOULA 2055 454 1) SO ZH 20 B 81X 51
& 4(a) R T B, AT LI A 3 S A R R X
S OWL A 2 kg 45 Jih 4 2R AR A DL B AR R, A 4% X 1Y) B
NRZH LA A B EC AR AR, [ 4 (e) i iR &, ml LA
HIAR G B XA SRR /N, 2k 2 AR DL FR AR bz 58 S
G35 JREE DX SRR T B K MR8 DX 5 R DX 25 31
SR R AR B v AR e TR R R S
XA ATIE 1300 C, 4@ A T RS, DA {5 4% X
PR PR R 2R TR I L ek e v L AR R 4 Rk
JEE RSP, T2 R A 1) B8 AR i bz, T DAAREAE DX o R
SH R R T

(al) BEFFIX (a2) LI
(al) Base material area (a2) Weld area
(a) BT EMBE

Electron microscopy figure

pogi sy RSt

LN e i
(b2) A
(b2) Weld area

(b1) B
(b1) Base material area
(b) —fEH
(b) Binary figure

(cl) BEFF X

(c1) Base material area

(c) fivkr B

(¢) Microstructure coloring figure

4 SERRBOA U B Ab B

Fig.4 Image processing of actual microstructure

(c2) 45X
(c2) Weld area

1.3 REFH*E

A G 3 i U A TR AL e 4 5 B v B AR X R
FR 22 5ok S WUAR S5 BEA TIOMSS A RO AL AL, X Rl e Y
AR ARSI 7 ik B AR i, w17 R G, 5L TR A, AR
TR AL 03 U s rh il 1 £ 18] R A S 2 el 2
TEARSCSLG Tl U I e AL AR AT A e, U B
felasalin Bbns | S0, A B T ps s m L T H
FRPIAR IS 157 55 64 5 32, A% SRk Pl T il AT 2L AR 5
e R AL, A A B T 0 i 3R 58 51 R A 36 R
T

AR ST A~k AU AR S R R ALY U B i A%



192 - LSRR R e o

5536 4%

RS BREER BRI 2 s, 7E S MR LETE
T A IR GG 5 R SR P R B G AR B, DA
TRREAR T B T AR R A AL, W 6 Bl M A R
W | M T R AR SR RS N 7 B, AR I
A EAT 70,3 WH HJEA 631 kHz IR

R3 ERBRLSH

Table 3 Sensor probe parameters

28 ZHH

PIAR/ mm (2R P/ TR 2K e ) 0.75/0.75
AR/ mm (FU 2R/ R 2 e ) 1.25/1.5
L A 5/ mm 3.5
2 B 51 B/ mm 3
BREAR R A/ mm 1.5
BRAAAR R 3 2 300
2 71 400 Dkl 2 ey 2 B ) 160,200

&S e kI R G, Kl RS0t PC LRGN A A%
AR A S AL, ARSI bl T AE SR A S ~
200 kHz PRI ES , TAERT LA 100 k/s 03 B2 #E 17405
fif I8, I s AR S PC HEf T3l

/

.
e RRRER

K5 RS

Fig.5 Detection system

HLRAAN %% 1 R G R BR AN B 6 Ff 7, & B4k Pl
FPGA ™ A 1 28 T FL SN , SR, v 3L 3 o B3 A UL
ik (DAC) HEATHE e, FEEAT M 350 0.8 ALK, &
N 4R P85 5 AT 25k 205. 8 BT, R , {5 5 Pk
HI%50 0.32 [ PGA TR, il K 58 MU 3% A BLIEC7 5%
e85 (ADC) , PRI AR 8 I (5 538 3k LR 42 1 R dan 45
PC, A #% 093K 3l L 3 R 48 mA, 5 M L o] DL ik 5
96 dB.,

A SCHG A B IE 5 AT 538 o ks 55 A R, 3K
Bl AL B PR AL SR R A5 S A IR RS A
B AR SR I L B R T S BRI RS M SR TR G g
B SEBLHRAN  32 FH Z2 0500 A I AR R AR 2k Ak
AL BB MR, B8 i T KA A I 1 T SE

FEFE Y B, o WAL TR S0 A 3 A2 I 11 25 2 L L
XSl X FhA Y Bl 2k B R B L X BT AT A%
JRASLE X Bl RS E Y el B R B, RS

15 5B

prc | ek | [memen)-

DDS

ADC

14 bits
FPGA B R4/ AL BH

K6 R RS
Fig. 6 Schematic of electromagnetic

instrument system

] 5 3R [ ) s 3 ATy ) G, $ 3 EE R 100
mm/s, (R E R 200 mm, 43 HEE R 0.2 wm,, FEH ST
P AREEARER MG T 6 L R TAE B 19 TAEZS 6]
Rl FLRE AL IR AR LB AE e FE AT U I AT L
FEEEA 8 wm, HEHEXI ML PC LA # il dR
X WAL Y Bl 43 HER 5350 0. 019 F10. 5 mm,

2 FHRMITIE

P 7 Jr7n 23 CTOO 3 25 il A A5 4 1aCRF P 1400 4G 00 4
R ARSI i FRAT HL DT A AR fl R R A B AR O A
GURARAL , 81 34 I L REAS I 2 P, T LA B O 42 4 5
BRI A 2 7= LA R AR5, B0 X B AR
BEDCHY B 00 B e, DEWIBE A IX A0 R BT/ T 07 4 DX
P 7w A DX AR 22 RO TR OB, B BT AR S X A4 A
HHOPAAAEANA T o 5 DX BT (5 L ARG M) DB R X
J2 TR DRI AR i DA R RS 78 878 /0N, BT b
KRG RO AU BT R, fESREE X, T3l
LRUNE I R R T U DX IS A X G 5 R A B A
SEHEIN, EETTIR XA O 215 BB AT B 5 DX 50 5 7
e rp ) DS R AR i R A B AR L ATH A BRI (A
ORI T4 DIl Je A3 | T KR 42 o [ XI55 7
i TARFETT AR DX, (U 55 5 Al S R A R 220

0i . - —— 0.146
5 0.145
10 0.144
15 0.143
20

: s i I
300 500 1000 1500 2000 2500 '3.000 3500 4 000 4 500 5 000 .

Bl 7 CT90 f545 B A 3 T 251U IS 5 R =
Fig.7 Imaging cloud image of test signal of CT90 welding

and heat treatment process sample

P 8 7 2 CT100 34 S A AR SRR i S G 45
Ao BEXT I R RS I 1SR = B, B BRI LS



552 34 203 Y RGN 12

I RS s R T AR ER IF ST 193

7 2L, 1E B 8 By M AR Ak B R, B0 TR, X0
CT90 fi R4 Lt CT100 i A54% i FELBT B /)N | B 0422 30 R 4
FITEOWAZ 9% 55 5 A B A 1
!0.]46
0.145

Or
5
‘0‘ 10.144
15 ‘ % 0.143
20 0.142
25

0.141

30O 500 1000 1500 2000 2500 3000 3500 4000 4 500 5000

Pl 8 CT100 Kt B HAdb BT 2 RE AN 5 15 = ]
Fig. 8 Imaging cloud image of CT100 welding and heat

treatment process sample detection signal

A FEER B AT DUA A [R]85 A i 252 3l A 1K
REFT A IR — 4k 2 AR AN ], 9 ELAT DL EDULAY DX
RERF DS RS X, AR T i m] ARG ) B9 20 19 1 25
A RREE |3 BB 0 A B0 GOV 2 ) ) 22 01 R B, A e
TELEINAE AR TR B 4 IR, DT A 2 8 A Y 9% 57
FFA

DR S PR AR s R 55 R DX T LT 4 35
— B ASCHEXTE 7 #E AT a9 BroR . i TSk
JS7 BRI, KT DX i 1 ) SR A 1R v i A il 46
AR i DX SR P R TR R S K i, [l
I, BT R v 14 il ) PR T T o T AR
ORI HZAY LT, AT LAESEIRAE X A L PR T REA XY
R, SRAE I OV ZH SR 4514 5 B B0 OO 2 AR 4544 A7 T

W2
0.1455 -
5 mm
0.1450 10 mm
—e— 15 mm
0.144 5+ —4—20 mm
—+—25mm
0.144 0 F
<
R 0.1435F
=
0.1430F
0.1425F
0.1420F
0.1415F
1 1 1 1 1 1
0 10 20 30 40 50

FE B /mm
19 CTOO Kz MAAE R T 2 R REBF JREE XX 1L
Fig. 9 Comparison of base material and weld zone of CT90

welding and heat treatment process samples

& 10 i AR IGFE S B XT H . A 10 AT LLE
i, CT100 & 228 K48 URE Y BT = T CT90 4 £ 4
FELE R 1 B BT, D0 CT90 4% X ki R ~F 5 CT100
R DX R RS AR TN AR E SR A, T LA R

FIESME MR BT, nl AR bR Bk 22 | IF B Al
) P AR B oAb ER T 25 BT, CTO0 14 22 A 1 9%
7 F T CT100,

0.146
CT90

0.145 - CT100
0.144 -

0.143

BELBL/Q

0.142

0.141 -

0.140 1 L L L I L -
0 5 10 15 20 25 30

BH B /mm
El 10 RIEAEA XS H

Fig. 10 Comparison of test samples

3 4

AR SC 3 WS ST A N IOV 25 | RS A Rk 1)
FRPE AR b, 1 T JR G A 5 3 5 T A O 4
LR B RRAE 3l 3 SR BT EE ST R D v R
CT90 ,CT100 3 £27h 4 i A4 BUAE ) FH 22 531 i 3 G
T35 T IASI it A5 4 56 43 B/ N ) L AR A, T2
AR R4 S5 BEM 2 [0 AR R A 2201, HaE i
A R 4 2 AT LR A DX 43 R A X 3R 5 0 4 X
B, U T 2 O ES R4 1) 22 0 RE | TR) B ] DA IX 43
ANV N T S A R EE . R FIZ 0738 AT LA W AR [R)
FAGRI KB LA R T KRR B 22 5, O ELRT DS B R 2K
TP 2 2210 A i A 4 o i,
52 Uk

[ 1] ZHOU Z. Improvement and determination of the influencing
factors of coiled tubing fatigue life prediction[ J]. Advances
in Mechanical Engineering, 2019, 11(9) :1-9.

[ 2] VALDEZ M, MORALES C, ROLOVIC R, et al. The
development of high-strength coiled tubing with improved
fatigue performance and H,S resistance [ C |. SPE/
ICOTA Coiled Tubing & Well Intervention Conference &
Exhibition, 2015.

[ 3] DAVIS C L, STRAGNWOOD M, PEYTON A J.
Overview of non-destructive evaluation of  steel

microstructures using multifrequency  electromagnetic

sensors[ J]. Ironmaking & Steelmaking, 2011, 38(7):
510-517.

[ 4] TOOZANDEHJANI M, MATORI K A, OSTOVAN F,
etal. On the correlation between microstructural

evolution and ultrasonic properties; A review [ J ].



194 -

LSRR R e o

5536 4%

(5]

[6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Journal of Materials Science, 2015, 50(7) :2643-2665.
MUTLU I, OKTAY E, EKINIC S. Characterization of
microstructure of H13  tool

steel using ultrasonic

measurements [ J |. Russian Journal of Nondestructive
Testing, 2013, 49(2) :112-120.

FREITAS VL D A, ALBUPUERQUE V H C D, SILVA
E D M, et al

microstructures and determination of elastic properties in

Nondestructive characterization of

plain carbon steel using ultrasonic measurements [ J ].
Materials Science and Engineering, 2010, 527 (16-17) .
4431-4437.

GUO B, ZHANG Z, LI R. Ultrasonic and eddy current
non-destructive evaluation for property assessment of 6063
aluminum alloy[ J]. NDT & E International, 2018, 93
(jana) ;34-39.

J. H, WANG ],

microstructure in 1100 aluminum builds fabricated by

LI M. Evolution of the bulk

ultrasonic metal welding [ J ]. Journal of Materials

Processing Technology, 2014, 214(2) :175-182.

SKAEAR. WEPERPRMIRELSAL A AR MIEAS [ ).
PIEEEAR, 2015, 64(6) :67503-067503.

ZHANG ZH D. Magnetic structure, domain structure and
topological magnetic structure of magnetic materials [ J].
Journal of Physics, 2015, 64(6) : 67503-067503.
WANG L, CHEN Z. Sizing of natural crack using multi-
output support vector regression method from multi-
frequency eddy current testing signals [ J]. International
Journal of Applied Electromagnetics and Mechanics,
2020, 64(1-4) . 721-728.

XUHY, LUMY, AVILA J RS, et al. Imaging a weld
cross-section using a novel frequency feature in multi-
frequency eddy current testing [ J]. Insight, 2019,
61(12) . 738-43.

YOSHIMURA W, SASAYAMA T, ENPUKU K. Optimal

frequency of low-frequency eddy-current testing for detecting

defects on the backside of thick steel plates [J]. IEEE
Transactions on Magnetics, 2019, 55(7) :1-5.
YUSA N, HASHIZUME H, UCHIMOTO T, et al.

Evaluation of the electromagnetic characteristics of type
316L stainless steel welds from the viewpoint of eddy
current inspections [ J]. Journal of Nuclear Science and
Technology, 2014, 51(1) . 127-132.

YIN W, PEYTON A J, STRANGWOOD M, et al.
Exploring the relationship between ferrite fraction and
morphology and the electromagnetic properties of steel [ J].
Journal of Materials Science, 2007, 42(16) :6854-6861.
YIN W, HAO X J, PEYTON A J, et al. Measurement of

permeability and ferrite/austenite phase fraction using a

[16]

(17]

(18]

[19]

[20]

[21]

[22]

[23]

(24]

multi-frequency electromagnetic sensor [ J]. NDT & E
International , 2009, 42( 1) :64-68.
YIN W, MENG X, LU M, et al. Permeability

invariance phenomenon and measurement of electrical
conductivity for ferrite metallic plates [ J ]. Insight
Nondestructive Testing & Condition Monitoring, 2019,
61(8) :472-479.

LU M, XU H, ZHU W, et al.
invariance and measurement of permeability for ferrite
metallic plates[ J]. NDT & E International, 2018, 95
36-44.

LU M, XIE Y, ZHU W, et al. Determination of the

electrical

Conductivity lift-off

magnetic  permeability , conductivity, and
thickness of ferrite metallic plates using a multi-frequency
electromagnetic sensing system [ J |. IEEE Transactions
on Industrial Informatics, 2018, DOI. 10.1109/
TII. 2018. 2885406.

LU M, HUANG R, YIN W, et al

permeability for ferrous metallic plates using a novel lift-

Measurement of

off compensation technique on phase signature[ J]. IEEE
Sensors Journal, 2019,19(17) . 7440-7446.

AVILA J R S,HOW K Y,LU M, et al. A novel dual
modality with  sensitivities to permittivity,
conductivity, and permeability [ J ]. IEEE Sensors
Journal, 2017, DOI10. 1109/JSEN. 2017. 2767380.
ZHOU L, LIU J, HAO X J, et al. Quantification of the
phase fraction in steel using an electromagnetic sensor[ ] ].
NDT & E International, 2014,67:31-35.
R, B, XA, 45, T SLIC HHR R A1 F s B
JIEH TA2 BRAER I BB 2 B AP BT[] T
k55 A4, 2019,33(11) :128-135.

CHEN CH, YE B, DENG W Q, et al. Quantitative
evaluation of surface defects in TA2 titanium plate based
on SLIC superpixel algorithm and DBSCAN [J]. Journal
of Electronic Measurement and Instrumentation, 2019,
33(11) . 128-135.

e, BAMEEE, ToCa, 45, ESLMA TIG SRR
KLU EREABE T [J]. SRt BB 5 T
2, 2011, 34(1).31-34.

ZHANG M, ZHAO P K, WANG W W, et al. Thermal

simulation analysis of microstructure and performance of

sensor

coiled tubing TIG welding heat affected zone [ J].
2011,

Weapon Material Science and Engineering,
34(1):31-34.

GE J, LI W, CHEN G, et al. Analysis of signals for
inclined crack detection through alternating current field
Insight, 2017,

measurement with a U-shaped probe[ J].

59(3):121-128.



2 3

203 Y RGN 12 T A O 5 4 b RO AR F 5 - 195 -

EEE N

B JE A, 2016 4T P4 B A1 IR E AT
A r, B P RS A il R R B, R
WFFET7 1] 2 B A 22 4 M /A il
At R E A TR SR,

E-mail : Zhouzhaom@ 126. com
Zhou Zhaoming received his Ph. D.

degree from Southwest Petroleum University in 2016. He is

currently an associate professor at Southwest Petroleum

University. His main research interests include health and safety

monitoring/inspection of oil and gas facilities; oil and gas

measurement ; and oil and gas production safety engineering and

measurement.

REER X, 2019 4F F P4 g A1 K22 4145
S, U PSR A RS T S A,
WIFSE T 1) A I i ek R 2 4 M/ A6
E-mail : 804366800@ qq. com

Du Tiecheng received his B. Sc. degree
from Southwest Petroleum University in 2019.
He is currently a M. Sc. candidate at Southwest Petroleum
University. His main research interest includes health and safety

monitoring/inspection of oil and gas facilities.



