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Abstract

Defective coiled tubing poses significant safety risks, making regular inspection an important meas-
ure to reduce hazards. Currently, magnetic flux leakage (MFL) testing is the most widely used and
technically mature non-destructive testing (NDT) method. However, coiled tubing MFL testing faces
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issues such as low magnetization efficiency and missed small defects. To enhance the magnetization
intensity of the tested component and increase the signal peak-to-peak value of defect MFL signals,
a C-type dual-coil excitation structure is proposed based on the magnetic field superposition prin-
ciple of Helmholtz coils and actual operating conditions. Through finite element simulation and sin-
gle-factor analysis, the influence of excitation coil structural parameters on defect MFL signals is
systematically investigated. Key influencing factors and their levels are identified, and the excita-
tion coil structure is optimized using response surface methodology (RSM). The optimized structure
improves the signal peak-to-peak value by more than 29%, providing theoretical basis and tech-
nical support for coiled tubing defect detection.
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Figure 1. Magnetization schematic diagram of single excitation coils
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Figure 3. Magnetic flux leakage detection model diagram of C-type double-excitation coils
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Table 1. Model dimension parameters

# 1. RERTEYH

R 24 Fx HA%/mm K:/mm B /mm TR /mm
HEEME (SN ) 50.8/44 300
PR 2 B (S ) 87.2/55.8 40
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Table 2. Properties of materials
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Figure 4. Mesh division diagram
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Figure 5. Crack characteristic signal diagram
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Figure 7. Diagram of circumferential crack characteristic signal parameters under different numbers of turns of excitation coils
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Figure 8. Diagram of characteristic signal parameters of circumferential cracks under different excitation coil spacings
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Figure 9. Diagram of circumferential crack characteristic signal parameters under different excitation coil lengths

9. TEHRZEKEERRIIFHEESSER

9.9 F 0.31
9.6 0.30
sty 0.29 +
9.0 |
0.28
8.7F
sk 0.27
= =
Es1f E0.26 |
S8 X L
8 A 0.25
<
7.5F 0.24
7.2 [
0.23
6.9 [
L 0.22
6.3 | 0.21
6 0 1 1 1 1 1 1 1 ] O. 20 L i 1 1 1 1 1 ]
6 8 10 12 14 16 18 20 6 8 10 12 14 16 18 20
AAMEEEE  (mm) AAMEEEE  (mm)
(a) FHEE5 S5 Sx (b) FHIEE 5 S E AB:z

Figure 10. Diagram of characteristic signal parameters of circumferential cracks under different inner and outer diameters of
coils
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Table 3. Levels of CCD test factors
7 3. CCD LW ERKFE

A= TACFCD HKF:(0) FACF()
WRhZR B K L/mm 20 30 40
PR ZE ] 1] B d/mm 14 24 34

WUh2R Bl Y AP A% (E] B R/mm 6 12 18

TEIE CCD 567 H e AR 5 2 DR 2R I B PR KT DL R S B AR AR FLSZ I AE L, Design Expert %X
PR ma S AR Y, MR RGN KPR A K 20 41 CCD k5, IRt Hit 5 20 41 CCD w5 i
SAH AB., W15 4 fione JET B B R o Ses B 34T 2 oo R MR R A b BE, L T DAERFEHHIES 55
& AB. AN EARRE i 2 0 E AR, HAERIE N (10)TR.

Table 4. CCD test design and response values
% 4. CCD LRI RN E

g L/mm d/mm R/mm AB:/mT
1 20 34 6 0.3018
2 20 34 18 0.3155
3 30 24 12 03113
4 46.8179 24 12 0.3154
5 30 24 12 03113
6 13.1821 24 12 0.3206
7 30 7.18207 12 0.2976
8 30 24 12 0.3113
9 30 24 12 0.3113
10 20 14 6 0.3049
11 40 34 6 0.2958
12 40 14 6 0.2995
13 40 14 18 0.2962
14 30 40.8179 12 0.3052
15 30 24 12 0.3113
16 40 34 18 0.3157
17 30 24 12 0.3113
18 20 14 18 0.2988
19 30 24 1.90924 0.2905
20 30 24 22.0908 0.3021
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Figure 11. Distribution diagram of residuals and predicted values
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Figure 13. Interaction effect diagram of parameters L and d on defect characteristic signal parameters
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Figure 14. Interaction effect diagram of parameters R and d on defect characteristic signal parameters
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Table 5. Structural parameters table of different excitation coil schemes
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Figure 15. Comparison diagram of characteristic signals for different defects

Bl 15. TRIGRFEHER S EXILL
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